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Introduction

The stress analysis of the wing for Air Corps

Bomber Model B-26-B1&C (Martin Model 179-15)

consists of three volumes. Volmne I contains the

computations of the basic design loads, Volume II

contains the stress analysis of the wing box, and

Volume III contains the stress analysis of the ribs

and structural details. The analysis of the fittings

is made in G.L.M. Engineering Report No. 1488.

Volume I Consists of Five Parts

:

Part 1—General Data.

Part 2—Spanwise and Chordwise Air Load Dis-

tribution.

Part 3—Air Load Computations—Shears, Bend-

ing Moments, and Torsional Moments.

Part 4—Unit Load Computations—Dead Weight,

Shears, Bending Moments, and Torsional Moments.

Part 5—Net Design Load Computations—Shears,

Bending Moments, and Torsional Moments.

^
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Parti

General Data

Wing Geometry—Reference (f) and (g)

Span 71 ft.

Area 659 sq. ft.

Airfoil Section

Station 46 N.A.C.A. 0016.7-64

Tip (theoretical) Martin Revision

Root Chord (theoretical at CL) . . 166.75 inches

Tip Chord (theoretical) 58.12 inches

Incidence (relative to thrust line) . . . . + 3%°
Mean Aerodynamic Chord. . .121.5 in. (ref. (f))

Weights

Normal Gross Weight (Ref. (f)) . . . .31,000 lbs.

Minimum Flying Weight (Ref. (f)) .24,200 lbs.

Overload Gross AYeight (Ref. (f)) . . .35,500 lbs.

(Max. Range)

Sign Conventions

The planes of the wing spar webs are perpen-

dicular to a horizontal plane through the thrust line.

Forces are resolved into components parallel and
normal to the thrust line. Loads and accelerations

referred to as being in the "beam" direction are

normal to the thrust line while those in the "chord"
direction are parallel to it.

Loads and accelerations are positive when up, aft,

and out.

Positive beam bending moment causes compres-

sion in the upper surface of the wing.



842 Consol. Vultee Aircraft Corp., etc.

Defendants' Exhibit FF— (Continued)

Positive chord bending moment causes compres-

sion in the rear spar.

Positive torsional moments tend to stall the air-

plane.

All dimensions of lengths and areas are in inches

and square inches, respectively, unless otherwise

noted.

Reference Axis

A. reference axis is used for the calculation of

torsional moments. This axis is the intersection line

of a horizontal plane through the thrust line and a

plane normal to the thrust line which passes through

the leading edge of the root chord. (See pages 7

and 75.)

In the detailed analysis of any section of the

wing, the torsional moments are transferred from

this axis to the elastic axis of the wing section

under consideration.

Aerodynamic Center (a.c.)

Aerodynamic loads are assumed to be concen-

trated at the aerodynamic center. Although the a.c.

location along the span does not actually vary

linearly, the slight discrepancy introduced by as-

suming it so is negligible. Therefor for convenience

in calculating the torsional moments, a line of aero-

dynamic centers is assumed, which varies from

23% C at Station 46 to 24% C at theoretical tip.

(Ref. page 75.)
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Model B-P6-B-1-C

ANALYSIS OF

C(-an. DiiTribu'f'.'or:

PART Noo 2

,an-wise Distribution of ^Ting Coeffioienta

The span-wise distribution of vdng coefficients is obtained for two

)ndition8i- Tfing with flaps neutral (page 9 to 20) and v^ing with flaps

iflected 1;5° (pas« 29 to 1+3 )o

Since the wing has an effective tv/ist (drooped nose and Tiodified

ailing edge) outboard of station 155» the "general method" oi\ lef, (o) is

jed to obtain the span dietribution of lift and drag coefficients. The

latribution of a twisted wing requires tr/o steps, the basic and the additional

Lft distribution.

The wing tapers nnifomly in thickness from tip to root. The chord

ipers from -theoretical tip to station 155» The chord inboard of 1[?5 is slightly

Bduoed and is aGf5uraed to taper uniformly to ^airplane (see page 7 )•

The aerodynamic characteristics of the wing are determined from those

r the airfoil sections between station U6 (NAGA OOl6,7-6U) and the theoretical

Lp (NACA 0010-6U with dropped nose and modified trailing edge). The data

btained from these airfoils aro correlated with the ciiaracteri sties of a

similarly shaped wing tested in the v/ind tuni\el.

ing with Flap Neutral

The basic vs span (page 10 ) is adjusted in order to obtain the
doC

orrected slope of .072 for the actual A.TJ. of 7«65 (see pRge I5 ).

For the "basic lift distribution" tlie absolute angles 01' inoidenoe

re estimated (as shown on page 9 ) to determine the lilt distribution which
spends on the effective twi?^t enu is the sane for all angles of attack.

The total lift dj strihutionn cof r ;f.;]-ondirig to the criticnl design

light conditions nro deterninod by adding, the basic and the additiomil ais-

ributions as shown on page 23 a.nd figure U , paf;o 2I4. )

.

The variation of C-Jq is adjusted (fig, 5 p, 26 ) to ;:ive the average

iDo .0083 (Aerodynamic estimate) over 1i.e entire wing.

The C(iQ is assumed to have the same variation along the span as

'd^ (see page 25 ).

The total wing drag distribution for the critical design conditions
Ls shown on page 27 and plotted on figure 6 , page 26.
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Ti

rAOB M^

INTRODUCTION

Certain ohangaa have been made in the vring geometry of the PBM-3

airplane as compared to the ^/in;; of the PBI'-l airplane,

Tlie changes listed below are discussed in the following pages in-

dicating why the changes were made and the improvement to be achieved

by each.

The changes are as follows

t

1. The v/ing has "'oou sw^pt back.

2. Tho tliiclmess of the v;ing has been
increased.

3. Tho tip plan for/', has been modified.

U. The form of the leading edge forward

of the spar hao bJen changed outboard

of the gull. '

5. The dihedr-xl of tho outer panel has

bien reduced.

6. The 3pan of tho ^;ull portion of the

wing has boa:' increased.

7. The \fing taj)or is stran.rjht from the

ship ^ to t]:v^ \iin^] tip.

The changes are discussed Individually in the following pages.
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1 - VilNG S"'EGP-BACK

MODEL
PAOB M*.

DISCT'SSION Oi'' T:^K CI"ANG^S

The th'5oretical tip chord of the PBV-5 wiix'^ has been swept back

by an amount which provides a marf^in of L^/^ between the naximiin rearward

o.^. location in percent of the M.A.". and the c.c^, location for which

the static longitudinal stability is neutral. This neutral point is at

3I4..69S and the most aft o.^. is at about 31. l^. H-^nco the prescribed

sweepback gives satisfactory balance and longitudinal stability.

The win'?; .orieometry for the PB"'-3 is shown in Figure 1 and the

geometry for tVie PT.1-1 is sl.ovm in Figure 2*

2 - ";im THICKNESS DISTRIBUTION

The win,^ thickness tapers linearly from the ^ of the ship to

the theoretical win': tip, Tho section at the (^ is the 23020 and^at

the tip, a modified 23OIO. The PBI.'-l win-; was 23020 at the <^ to

modified 23OO6 at the tip.

The above change in thickness Was made to provide greater

structural stiffness and to improve the stall charact'^ristics toward the

wing tip through use of a thicker section which increases the section C^

maximum.

A coniparison of the thickness distribution for PBM-J and PBM-1

is shown in Figure 3»

The increase in wing thickness causes an estirnated O.5 mph top

speed decrease.

3 - TIP PLAINT FORM

The tip plan form has been modified from the previous Army tip

used on the PJ^M-1 for reasons of appearance.

k - OTrrER 'M^y^ lkaping >i:pge

The nose section contour forward of the spar has bean ©hanged

to the form shown in Figure U» This nose section at station 668 is

faired linearly into tha 23019.02U section at the gull. (Station 173 -S) ^.-^
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ll - OUTER ^.TING lEkDJm BDGE - Contd.

The purpose of this chan'',e is to increase the local Cl

maximum toward tha tip by increasirw; the camber of the airfoil

and movirw; the maximum camber forward on thg cord. This change

also tends to delay the en^le of attack at which the tip section

will stall. The nose radius of the outer win?; section has been in-

creased appreciably by this chanf!;e as sliown in Figure 5» where a

)|i|1 tip has been compared with the PB?.1-1 and the PBM-3 nose radius

variation with span* Tha combined effect of the blunt nose arxl camber

increase is to produce a flat-top lift curve by movi np; the transition

point aft on the win^ surface.

Figure 6 8;ives a comparison of the camber distribution alom^

the span for the PBM-1 and PBM-3 and for the same win^ with a UhlO tip.

The effect of the so-called drooped-nose (Figure U) on the

total airplane drag has been estimated from wind tunnel test on a

medium bomber with the same type nose section. The drag polar for

this model ^vi th aikl without the droop -nose is sho^^m in Fissure 7»

^^Dp #0002 at Cj^ " •55» Since the droop-nose covers about 75^

ol the span of the PBi,f-5 and about "^8% of the span of the irodium

bomber, the drag increment for the PM-Ji is estimated atAC^p « .OOOU.

The corresponding decrease in top speed is one mph. / Ij

5 - inns DIHBDHAL

The dihedral of the top skin of the outer wing in the chord

plane has been made 0° at the ^0^'> chord stations. This was done in

order to reduce the rate of chan'r.e of rolling moment coefficient with

angle of yaw, ^^X» ^.s much as possible and yet not give the wing a

drooped appearance. Reducing the value of <^^J tends to reduce the

possibility of the occurrence of a Dutch Roll condition. The combination
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5 - ^Tll^r DIF^D!IAL « Contd.

of reduced dihedral and increased vertical tail area will materially

aid this situation.

6 - rxULL SPA/V

The span of the Inner wins; (the gull) has been Increased

twelve inohes on either side of the airplane ^ in order to make

room for the naoelle bomb bay« which holds U-1000 lb* bombs, and still

maintain the sane oranMrisa location of the nacelle <L as was the case

for the PBM-1. -

7 - ^nm PIAN»FORM TAPgR

The PBM-3 plan form taper is na^ntainac^ straif^ht from liie

ship d^ to the tip, Just as was done on PBM-1 •

>^
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FATIOITAL ADVISORY COI.!MITTEE FOR AERO'JAUT IGS *^"-^

TECHITICAL NOTE NO. 713

A COMPARISOl-T OF SEVERAL TAPERED WlliaS

DESIGNED TO AVOID TIP STALLING

By Raymond I • Anderson

SUI.n/.ARY

Optimum proportions of tapered win^s were investi^at-

by a method that involved a comparison of wings de-

,ned to te acrodynamically equal. The conditions of^

odynamic equality were equality in stalling speed, m
luced drag at a lo\7 speed, and in the total drag at

•ising sDeed. After the wingr. were adjusted to aerody-

ijic equivalence, the weights of the wings were ca^cu-

ed as a convenient method of indicating the optimum

g. The aerodynamic characteristics were calculated

.m wing theory and test data for the airfoil sections.

jlious comhinations of washout, camher increase in the

ll-foil sections from the center to the tips, and sharp

3:.ding edges at the center were used to "bring ahout
^

tne

fired equivalence of maximum lift and center-stalling

iracterist ics

.

In the calculation of the weights of the wings, a

Iple ty-oe of spar structure was assumed that permitted

^integration across the span to determine the weh and

tj flange weights. The covering and the remaining weight

!:e taken in proportion to the wing area. The total

lights showed the wings with camher and washout to have tne

itest weights and indicated the minimum for wings with a

!per ratio between l/2 and 1/3.

INTRODUCTION

Many investigations have heen made of the aerodynamic

i the structural aspects of tapered wings with a view to

ading the best taioer ratio. Investigations of taper

tio are reTDorted in references 1 and 2. A ^^^^^^^^.
fJ^^ .

Bsion of taiDered wings is given in reference 3. Altnougn

EXHIBIT 16 y
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.» and weicht were considered in references 1 and 2, the

'fct of talker ratio on the maximum lift and the manner

etalline of win^s was not considered. The effect of

,er ratio on the maximum lift is considerable. The tip

III that usually results from the use of tapered wings.

rcovor, evidences itself as instahilit:/ in roll at an-

H of attack less than that correspondins to the maximum

"•f coefficient. This condition is generally rccopizod

;„dcsirahlc from the point of view of handling charac-

•istics in low-spccd flight.

It is accordin/;ly considered herein that wings ^^ould

>, deslrncd to avoid tip stalling. With this point of view.

'4s of different taper ratio were designed to he aerody-

nfcally equal: that is.
^^^f . i\^*^J^ J^,LTt'c;ui"iig'

deed drag at a low speed, and m tot^^
/f*'^.^* '"'"^^"J^f

teed. The weights were then calculated to indicate the

"ptimum" wing (the wing of lowest weight;.

In the calculation of the maximum lift, the areas were

, oMained that they approximate the values which would he

r quired hy wings with full-span flaps. The effect of

rtial-span flaps was not considered.

i • »^ 1 /o 1 /t and 1/4 were con-
Wines with taper ratios of 1/-. J-/ -^

.
^na j./-*

dcr!d f^r a large airplane.
^^^'^^f ^^^thf s?al ing

ximum lift -efficients, a margin aga ns the ^talling^^

•f--^^- --%- ::ri-he-i:Joir-cfiors f^:t
n washout or camhcr increase in tnc airio

c.nter to tip (referred to as the "^asic" series, to he ae
c.ibti uu \,j.y \ w«^v,on+« and wines with wasnout
.;ri^ed later); wings with "ashout. and wings

£>d oamhor increase from center to */Pf * /°^^^^°^3°'v,arr.
hree sets of wings, lift-spoiling devices such as .har.^

ading edges, were assumed at the center
°f^^^^^f "„^^1 Ji^g

.ke uo the required halance of the r.argin ^^^^'^^^ :*f {0
r the'ti.s. This procedure is Practically equivalent to

Icreasing the lift hy the use of l^admg-edge slots over

ai of the sTDan except for a snail portion of ^^e center^

he cc^arative effects of -ashout and camher should there

ore he" nearly independent of whether the lift is decreasca

t the center or increased at the tips.

y
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ASoUMPTIOi: FOR THi: AERODYNAMIC CALGULATIOITS

Tho rings had strai^jht toners and rounded tips and
re of a si?:^ G\iita"ble for a four-engine airplane of

,000 pounds r^;ross vreight with a \7in^ loading of approxi-
tcly-.'^O pounds per square foot. The tip chord of the
T/oozoid enclosing; the rounded tips was used to define
o.otr.oor ratio, as in reference 4. The distribution of
t:ic!cnc3S alon^; the span and of camber and'washout , when
tLo;;* Trerc used, was linear. A thickness ratio of 0,09 was
tkon for the airfoil sections at the tips. A "basic wing,
r;ed to deternine the aerodynamic values to "be equaled oy

tin othor winces, had a root thickness ratio of 0.14, an
'ccr^. of 2,200 cquaro feet, a taper ratio of l/o, and a

:)i\n of 1"8.2 feet. The r.ethod of calculating the dimen-
dons of the other win^s v:ill "be liYcn later. The symbols
',cd arc listed in an appendix.

Prevention of Tip Stalling

For the first series of wings of varying taper ratio,
le I'lcthod for prevention of tip stalling was the use of

ipro leadin • ed5;es to reduce ci at the center of the
^ max

in--;n. This series of win/^s wan called the basic series
ocausc it included the basic wing of taper ratio l/3 used
establish the aerodynamic values. The IT.A.C.A. ?.^0 se-

ior. c^irfoil soctionr listed in table I were used.

lor a recond scrie>j of ^7ings, washout was used; and,
or the third scries, v.-.-ir-hout was conbincd with an increase
:i c-nibor of t::o airfoil sections from center to tips. "^^^^

•mrcci.se in car.iber "produces an increase in the ci of"
" max

hr- r.cctionc nr»ar the tips and thereby causes the stalli^ig
nint to r.ovc inward. For the rin-:;s with washout, snail
'nonntc of washout were used to prevent excessive increase
n "-/.ic induced dra ;. Sharp leading ed.^es at the contor of
ho '.vin-s wore then usoa ^o na'-c up the balance of the nar-
in required -^.'^ainst staliin.^ of the tips. The case of

.".per ratio 1/ 1- was omitted for the series with washout
lour oocr.use ': o o thin a v:in^ would iiave resulted.

For all the rin^^s, in order to insure the avoidance
)f tip r>talli:.r, a certain c^ mar :in was spceified at ^

^ '-7" -hen Ct v'as reac'-ed. (See fif:- 1.) ---^ mar- >
L^-nax ^
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quired depended on the calculated spanwise position

stalling* point without sharp leading edeies. This

occurred where a c^ curve corresponding to the

qe load distrihution hccame tangent to the c^acj-^^v*^ "max

as outlined in detail in reference 4. When this

[n^ point was at or insido 0.7 h/2 , the c^^ nar^^in

> "b/a was taken as 0.1. When it was outside 0,7 'b/2^

rrin was increased in the ratio of the distance from

ntor of the wing to 0.7 "b/^. ^^^ provision of this

of margin when stalling started at the center gave

;ulated positive dar.ping in roll at the stall that

.]|l prevent sudden dropping of a win^-^.

ir

Conditions of Aerodynamic Equality

"or the first of th'^ conditions of aerodynamic equal-

?qual stallinj; speeds, plain airfoil sections were

>d when Ct was com-outed "because of the availahil-
^max

the CT data. The Reynolds Mumher at stalling
'max

was made to fall within the usual range for an air-

of the size assumed hy oasin-^ it on the stalling

with fla^^s, so that the wings had approximately the

ireas as wings with full-span flaps. That the condi-

5f stalling-S'M-ed equality would not to appreciably

]3d by considering the wings to have full-span flaps

^srified from figure 60 of reference 5, \7hich gives

:, increments T^roduccd hy flaps. (The range of
''max

7orage thickness of the wings was small.)

U the stalling speed Vg is equal toy

the product SOj^

2W

p S Clmax

was fixed, the stalling-spccd condition required

ma>:
for each wing be equal to the

t for the "basic v:ing (taper ratio l/3).

rhe second condition was that the induced drags should

Lial at a speed corresponding to a Ct^ of L.a for the

wing (low-suoed condition). The induced drag rather

the total drag was used "because the induced drag was

y all of the drag and was relatively easy to c-lcu-

The induced drag, with the effect of twist c

d, may "be found from

mr
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r ^

D^ =: -^_- + W^ € a^ V + q S (c aQ ) w
OTl'b "11

(1)

the spans req^iired to nake the induced drags equal nay
exi:)ressed

/

Jb
^"b ^i.

^ [^It, - ^c € ^0 V - q S (c a^)^ w]
-—r-- (2)

ere the su"bGcript "b refers to the basic wing, and

T!» 2

q TT bT," u^
(3)

uation (r') is equation (l) with the last two terms onit-
d DC cause the ha sic wing has no twist, These equations
re derived fror. the formula for C-d. given in reference

2.

The third condition, equal cr-jiising speeds, was satis-
od hy Tiaking the drr'.^'js oqual at cruisin;; speed, as the
v.'or was assunod constant. Cruisinj;; spocd corre stoonded t(

0- of 0.3 for the "basic winr;.

:.:sTHcr o? oalculatioit

Pro-oortions and Aerodynamic Characteristics

The :;.ethod used for calculat i:i,^ Or ,-nax
^"^, and the

her aorodynar.ic c!iaracteristics of the wings has hcen
md to ^];ive results t'lat a^ree well with test results
cfcrrncos 4 and 5).

T:ie netiiod of calcv.la t inr; tho r.axir.iur. lift coefficient
r t'lic "basic win^ is illustrated in fi.-:;ure 1, For this

c-j rr c-j "because there is no wrisliout and tliereforo^^€.

a
= 0. Stall in ~; was calculated tc oc^'tir without any shar

^din^; edge at 0.7 "b/:^; that is, ci would reach ci
'

•'a •'max
rst at the 0.7 point, (See reference 4 for a detailed
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>\';)lanr-t ion. ) A vulno of C| of 0.1 ler.r, than the

871

i...
:;. r x

it . y = .0.7 h/2 (c, ') waG then the lift coeffi-

irr.t corror^pondin.': to ^Lj^^x*
'^>-!^.c rically , ^^^^^ =

t/p, where c-j w?-s taken at y = 0.7 d/2. The
'

v.,
' ^o i' ''a 1

..,]^,.p ^ 0^' ci .-^.t the center of the wing were then con-

•-.idrr-d to ho reduced "by a charp leridin^ ed?e to the val-

-oc o -^
C-. . an nhorn, ro that stalling would hc-^^in at

a

*-ho .v--t^r 01 the v:inr. The valuer, of c^ used for
nax

c-lriLi-^. tin.; C-

r>.

'max
for this v.'in^ were taken from reference

Tiv- v--, luc of the induced drar; at the lor- speed condi-

tion fo- : r.e oar, ic v/in^, Di- , to "be used in finding the

r.jp.r. r of :h-." other rin'iiG was .calculated from equation (3).

I:ir Ara^T of the hasic '.vin^'^ at cruisin.^ speed was cal-

culi- -to i in t.^rr.-, of q in the form

q ^1

(4)

Theval'-ie of -n^'l ^^'^^ calculated for a Cj^ of 0,3 and

for t}\c crv.i s inr-r^r-e ed Reynolds ITunher (as outlined in

re f cT^.nco ') "by a -graphical intec^ration along the span of

::ie section dra»^s iron

h/-

J
^'0

(5)

r^^o valuos of c, were takm from reference 7 for the

Da sic \7in-;;\" -, -n c' n n re 11 as for the othor ^ae v: lue of I^i/q

was calculated fron equation (3) for a value of q corre-

''.pondin."; to the cruising speed.

Tith the valur s for the "basic win^ o st a'bl ishcd ,
equal

values for the other rings were found hy succe ssivc approx-

imations. For the other two rings of uhe hasic series, a

root thickness and an area were assur.ed that, it was hopcd,^.^//

rould orod^icn the desired characteristics. An approximate
I I £
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r. i-hsn found from equation {P.) r>o that c :\nd

Id "bo found. For these values. Ct uas then calcu-
^nax

r. n G r â rt T or t.m "basic rin^';-.

Jor t>o v:in,^n v:ith v;a shout and rith wac.hout and can-
bcr increase, airfoil oectionr. and rashout -.Tcre aocuned.
"^^c VI lu? of Cj ^ar. then, calculated as for the "basic

"^nax

•,:i2ir::, e::ee-ot that C7 ,

to oh tain c^ , as sho'.vn in fif^ure 2.

due to v/a shout rzas cor.hined with

.:ror. tli-^ val'•IC f! of Ct.
'n'\x

for the v;in.^s, a no re ccu-

r- to V '.lue of S

uct of S and
v,'^ 5 fo\ind -'or each win^ to ohtair a prod-

ecual to the value for the hasic

'v:ir.^;. The ao;;?ro:cir.r to '^pan T/r s ^rsed to calculate the as-
'p:)oct ratio so that the ind-a.cod-dr:i..^ factors u, v, and v
could ho found fron reference 4. A r.ore accurate value of
the ?oan to o"btain th^ required Iriducc'l dra.^ at lor speed
pould then he found fror. equatio:: (S). A value of aQ- of

0,1 per dc ': r '^ e ^^a s used. Fron S and h , r.io r e accurate
values of c could he found so that r/q co'^ld he coTnputed.

The value of D/q at cruising sfieed for each win^ was
next found from equation ( -. ) » v;here the value of ^q/^. ^""^s

calculated fror. equation (i^) for a Cr^ corresponding to the

cruiriri^ speed and the v/ini; area. The value of ^^/q v;as

then found fron equation (l) fc^r a value of q correspond-
inrj to the cruisin.^ sr)oec. If the values of D/q calcu-
lated ir. this r.a?incr re re not close to the value for the
hasic wing, new values of root thickness ratio wore ar^suncd
and the calculations were re;, catcd,

S\iccessive apr roxinat ions were repeated in this manner
until the required values of SC- , h, and D/q wore oh-

•^nax
tained. Two or three aT;proxir.at ions were usually required.
The resulting dir.cnsions and the values of D/q are ^iven
in tahlc I, The arountr of wacho^it rcruired were a conpro-
niso between a hi./h Ct and a low induced drar. In or-

*^na:-:

dor to invccti?:ate the effect of -:reator washout, calcula-
tions rcrc nado for a win^-* with canhor increase and wash-
out with a taper ratio of l/3, and with c = - 4^

.
hut

the results wore not included in the tahlc tocause the
_^ci^ht was cxcossivoly increased. It should he noted that >
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washout is "aerodynamic"; that is, it is measured, not

om the chord, hut from the zero-lift directions of the

)0t and the tip sections.

Weight of the Win^s

The load factors for calculating the weights of the

Tings were computed as specified in reference 8, A hi^h

• Deed of 240 miles per hour was used with a gust of 30 feet

pr second, as given for condition I in reference 8. The

^

Ift-curve slope wac computed from fi^^urc 2 of reference 4.

•Lc values of the limit-load factors n. computed in this

lanncr, aro listed in tahlc I.

The Cw to "bo used for calculating the load on the

ingc was thon found from

°N = —^s
^^^

horc W- Is the gross weight; TT. the assumed wing

eight; and q corresponds to a speed of 240 miles per

our. The load distribution per unit length along the

pan, I. was then found from I = q c, c where c^ was

ound as in reference 4 from

or the wings without twist, c^ is zero.

The values of c, and c, were calculated from
^ai *'h

ihe load-distrihution data given in reference 4 so that
ihe variation of the load distVihution with taper was
taken into account. From the distrioution of load across
the span, the distribution of the shear and the moment
:oul'd he easily found.

The shears and the moments were assumed to he carried
by a single spar with a simple type of structure as shown

In figure 3, so that the weights of the material could he
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[ "by •'^n integration across the span. The torsion load
jliminated by assuming the spar to "be located at the

t center of each sec-tion may "be considered to "be car-
"by the skin.

The relieving loads caused "by the engines and the f-u-

-c wore taken into account so that the total winf;

its Tvere calculated in the form

The weights thus calculated may not a^^ree vith the

[its of actual airplane Trin^^s "because of the simple
)(i of structure assumed and the impro'bahility that all
iT.iaterial will develop the stress assumed. The effects
he assumptions shotild, however, he similar on all the

i,,s so that the correct relative weii^hts should he oh-
.:a"ble •

The load distributions across the semispan of the

, computed in the manner previously ^iven, had the
represented in fi?:ure ?. From the load, or C|^ c ,

ec, the shears and the moments at any point y alon^
semisimn were found from

?« = q / C7C dy (9)

i>4 — (10)

ihear bracing was assumed to have an anc-^le of 45 ,
as

n in figure 3. For a unit length alon^ tho rpan dy

espondin^ to a unit length of bracin/; dL , th^ vrei^ht

he web will be

dr. = . 1 dL = B --§- -?-- = ----'- dy (11)
- s * 0.707s 0.707 sT7
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R7rr^

L-

T) is the aT^cciiic weight (arsur.cd to be an alumi-

num alloy v:ci<p;hin^ 0.1 pound per cubic inch).

s, allowable strer.s.

f, force in a diagonal.

, factor of safety of 1.5. the ^eb weight for both

es of the win^ is then

T:^ = 4 X 1.5 ^

V2

£
J

Fs dy (12)

.npcrvativc stress of 20.000 pounds per square inch was

v.r.cd in calculating W^.

In the calculation of the weight of the flanges, the

Jnt at any i?oint along the span was considered to be

r'icd by tension and conpression in the flanges. If F

ho force in a flange (fig. ?) and if the effective^

•k-os", of the beam t» is taken as 0.9 the wing thick-

. ^*thon the weight of a unit length of one flange will

dTfp = p ^ dy = p
M

t »s
dy (13)

rcirht of u^:-Dcr and lower flanges for both halves of

^Tin.:. with i* factor of safety of 1.5, is tnen

o/2

TTr^ = 4 X 1.5 ~
s tT ^y (14)

n eauations (12) and (14), the web and the flange

.;hts wore found by graphical integration of ^^^^^%^^.^^
and l.:/t' along the scnispan. Values of s of 20,000

onds TDer square inch for compression and 30,000 pounds

square inch for tension were used to calculate tue

nge weights.

In the calculation of the weight decrements due to the

levin? loads, the concentrated loads shown in fi^re 3

.e considered, and the usoful loads were omitted to be con-

c-Tativo. The shear was assuacd to he taken off at the
> V/
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L.'-.r;o iTal.l go that half the \Toi£;ht of the oody ^b/2
at a distance y^ • The v:ei^ht of the "body conristc

ic complete weight of the fUGela^c and the tail, lees
asoftil load. The nacelle g and the cowlin/^ were includ-
1 the po\7or-plant weit^hts, Wp and Wp

, and the
1 2

Ln^-^'oar weight was included in ^p . The correct rel-

3 weights of the relieving loads rrere ostahliGhed by a
it analysis.

The relieving; effect of each load on the ;7e"b v/ei.-^ht

poportional to the load timec its distance from the
I'^Tm Then, from equation (ll), the weh-wei^ht decrement
both halves of the win^, Trith a factor of safety of 1,5

i,a limit-load factor n, may he written

4 X 1,5 TDn /Tb ^ •, \ / V

^^TT =— s—"" b ys + ^p, y, + ^p^ yj (i^)

same value of s was used as in the web-weie:ht calcu-
on.

The relievin-i; effect of each load on the flange weight
roioortional to the r.omcnt times the distance of the
from the center. Then if tg' is 0.9 the root thick-

, the weight decrement due to the relieving loa.ds for
flanges and "both halves of the wing will "be, from cqua-

(1?).

s *

sane values of s were used as for the flange-weight
ulation.

The final weight item T7q , which included the cover-
and all of the structural weight other than that of
beam, was taken as a constant proportion of the wing
• The net weights of the various structural 'part s of
pring and the total weights are listed in table I, As

. wing weight was found, it was compared with the as-
d weight used in equation (6) and the calculations
repeated until the value of the weight assumed did not

ct the final weight.
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RESULTS ai:d DISCUSS io::

vron the. d inicn -. ion r. and t}ie charge t c ri ct i c r. of the

.Mr.--.^ li'r.tcd in ta^^lo I, the effect of char.^ec of the

:iO t r d •

ar\A of the nothod to prevent tip ctallin,^ m-y "be

xho ci ^ ec o I .'> chr nro of the t-^.tDor on Ct and

follo^7c. Ag the
cr to the

on the rer.'JLltin.- aren r.ay "be explained an follo^7

taper i? increased. c^ incro:incr. fro.T. the cent

In addi^. ion, the RcyncliG Ilunher dc-
t i '0 of t h c w in.:,

roaf.e -, torard ""he tipr l^o that, for the ucual airfoil

c-y docro-^ser. . The valTio of Cj ic thcrc-

>y reduced and r tailing; ^ends to ntart nearer t>ic tipn. A

rrcr.ter a-.ov.nt of the r.oanr, to prcvmt otallinf; of the tips

-^'"t t>.orefcrc he v.r.e' t -^ oh tain the desired c*!^ narrjin,

or, +/'o taver in increased. Th: ar.ount required nay ho

-•rarv.red in t^rnn of the dif i erencc , at the center of the

c, and the ci co r ro npondin^ to Ct
\Tin^:, "between

aC" incroar.es with
(r.horn hy '^C; in fi::. l)." Thur.

,

t aT^ e r ,
.'^. c? 1 i c t e d in t ah 1 o I

.

fectc! the area;- also tend to increase rrith the taper,

? h \7 n i r. * a b 1 e I

.

T.ax

Because of the forego in^ ef-
a s

^>e :*han.g? in s'\'^n re.^paired to ohtain the desired in-

^'ced^'dra' for the Tor-s'^eed condition depends only on the

value of^ the indiicod-dra^ factor \i for win^s without

t^'-ist As the value cf u, vrhich is a measure of the

c'--iro o--"induced dra£: with taper for win^s without twist,

c-hanros only sli-s'-.tly with the taper, the span varies only

'-/I'^rhtlv "as r/.:own in taole I. The win^^s with washout,

howevcr'/rc'uirc a greater chanre in span owin- to the

twist, as r.ay he sern frcr. equation (2) and as r:iven in

the tahlo.

The increase in area with

ly -entioned requires a rcduct

the required low value of the

condition. The exact value of

depends on the induced dra^ '^t

tai draf: r.ust have a fi:j:od val

to he adversely affected hy an

washout. The conhined effect
ciaole for the win^s with rash
shoTrn hy the values of I^i/q

effects cause the required thi

taper.

increase in taper previous-
ion in thl ckn ess to obtain
profile draf; at the cruising
profile d rag required also
cruisin.^: speed, as the to-

ue . This induced drag tends
increase in taper or in

of washout an d taper is apt) re

out and canher increase, as

in the tah lo. The foregoing
c kn e s s to d.cc rcase with the



im



lUA^C.A. rechniciil Note No. .713 13

When the thiclcness was changed to make another approx-
ion in the calculation of the characteristics of the
s. Ct was affected as well as the drar. Whether

chanf-re increased or decreased Ct_ „ de-ocndcd on the

knoss ratio near 0.7 "b/S and on the corresponding
. ^he effect nay "bo -crcdictod for any -oarticular

fror. figure 55 of reference 6, which shows tho varia-
of CI with thickness ratio. A ciecrcGSC in root

''max

knoss ratio usually increased C^max

For the win^s with canbor increase, the increase in

er toward the tir.s incrcxsed ci and i:)roduccd
^^ max

Act Ct values and lower areas, Ac some sharp load-
'^ ''^nax

cd^c was used for all the win^s to oljtain the desired
margin, the win^^xs should "be conparahlc in their avoid-

Q of tiiD stalling.

I

Tor the win^s with washout and camhcr increase » the

j^red nari^in could have "been obtained hy more washout
1 the induced dra^ would have "been too rreatly increasod.
til ainoiints of washout were \ised, as listed, and the can-
] was increased fron 3 to 4 percent of the chord as the

][t ratio changed fron l/2 to l/S. No further increase
bamber for tho win^ of taper ratio l/4 was used oecause
}70uld have produced no* further increase in Ct

•^
.. *' max

With reference to the wciF:hts of the win,?:s, it may he

i':^d that the lowest weir;hts were obtained for the win,5S

a camber increase and washout. The lowest weight is in-

.<atcd for a taper ratio between l/2 and l/?, as may be

<:i from fiv-^ure -l. In order to determine whether the low-
weight had been approached, the case of taper ratio
with washout and camber increase was investigated with
ce as much washout, or 4^, The increase 'in washout re-

red a reduction in thickness to obtain the desired drag
cruising speed and an increase in span to maintain the

ilired induced drag at low speed. The result was c con-
torable increase in weight.

If this analysis were applied to v:ings of other size,

and D^ would be affected by the change in Reynolds
ax
ber, but it is believed that considerable variation in

e would be possible without altering the conclusion as

the best taper ratio. The number of engines is also of

y
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kc-ht. i-po-t-nco •>rcaui',e tho effect of their relieving
,{• p., *;*h- rin.- noi-ht i r> snr.ll. It if, also l^elievcd

't ''or til- thickr.onG ratios in connon use, the sclcc-

,j'or :> di 'fcrrnt thicknor.s ratio for the basic win^

^.1 ^\.^-,i ni^^rocinhly .'iltor the conclusions.

rt '

t :\n-.

:v.i :vul in si^r.ilar calculations and to shon the e f-

;'.hov.t or\ CDi. the chant^e in due T7'^. sh-

• M-^ slotted in fi-u:;es 5 to 7. The increase. in

Vr .-or.r. Idorod to consist of two par^ s ,
v^nich nay

' \-v'-; "^v dlviA^n.'- the last two terms of equation {l) ^'by

',\.'^t'w 'w(€ 'a^^i-^' ^.orm is the increase in Cp. for 0^^
=

r. i v.

,., , v-rio" -oi^iv Ti*h e", as w does not vary nuch

•-nl ra--o n' tr.i^rr ratios. (See li^. 6 of ref-

\) The triT. V € no ^l contributes a positive or

i

.,,,->.*-,' i-.-re-c-.t do-cndin- on the sir:n of v cxccot
'•'•' ' - '

:: 0- and ACj>^ does not

For te..- !aoere.i '.Tin£:s, however, AC]^. in-

•^or te.ver ratios less than ahout 1/2, as

^'1 — -es' r to 7.

,-t , 'Vr t-e el lip- i ':\

>. V

1 ve 1

e;in c

T o ^

^ i -. *

ror. ^1 ^:u :' e s ;'

r ratios .-.rproachin<: 1. ^Cj^^ hecomes ne^a-

value-, 0^" Ot " ^^ shown ov fi?;ure'7, which

elli^oticnl spar, loadinf^ is approached owing

/.cu"" . Vnlui

r r. t i s , for
'". r e f e r e :: c

01 is Z-y for other aspect ratios
•'^ i

cither washin or washout, may "be cal-

V-. 1

.« * -•

rue

•.: c s

u s i

v.^or. .1

c c r. icn

rih*"

ire ^

type p

n c e s

t^*^ t

.^nil-

.tier.

f

v.. i

for r 1 r.

ist ai s

r.-i

a T. o

r. 1

1

t ri
n r»

of

on

cf
the
icut

••t ri

. c5 (.^ »»

wit
list

'Ut i

:ain
cf

ale

the

at

hut

ce .

h t

rib
ith
on
st
was

given are for win with linear

:\r the s-ean. ^ings are commonly

irht-line elements between corre-

*rcct'-nd the tip sections. For such

ist distribution is nonlinear and.
* V tip, L^O' is less than for a

ion. As eM illustration of the order

:'fercnce that the type of twist dis-

valu-s bf ^Cj). are given in fig-

ra-nezoidal tips and with the two

•i^'^cn. As mav be soon, the diffcr-

^'rcfcrence to*" the e-f^fect of the type

on the lift distribution, and hence

stalling of the tips, it may be said

hout required is substantially the ^,
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for thn tro types of trist distribution for taper
OG "hetrc.-^n l/" and 1,0.

?ror. th? prcfl'^n;t paper and from the data ^ivcn in

rcnce 4, r.lmilar calculations can "be made for Trin^s

ny 3izc and for any aerodynamic conditions. Analyses
Id ^ro'ba'bly bo nadc for vrings rith partial-span flaps

oth'^r hi'^h-lift devices.

COITCLUSIONS •

For '.vin.^s within the rani^e of thickness ratios con-

)n.y ur.ed, designed to be aero dynamically equal, and with
stalling avoided by the methods considered,, the re-

s of this analysis indicate that:

re

1, The optinum winc-s (the wings of the lowest weight)

obtained when tip stalling is prevented by the use of

irate washout conbincd with an increase in camber of

ic airfoil sections from the center to the tip.

ic

;;le7 Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Lan^ley Field, Va. , May 3, 1939.

1/3.
The optimum rings have a tape^ ratio between 1/2
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APPENDIX

SynlDols

HhI

S, win^ aroa

A,

^1*

a 1

L^,

ax

Gpan 01 "basic win^«

ar>po ct rat io , "b / S.

chord at any cection along the span.

aerodynamic twist, in dGr:rees, from root to tip,
neasured oetweon the zero-lift directions of
the center and the tip sections, nega.tive for
washout,

distance alonf; the span measured from the center.

sec fi£:i;re ?.

section lift-curve slope, per de5:ree.

section lift coefficient; 07=07 + 07 .
^ '8. ^h

part 0^" lift coc^^ficiont due to aerodynamic

C Q. S
twist (computed for C-^ = O); c^, = —^- L-^

.

part of lift coefficient due to angle of attack
at any Or; c, =0.07

part of lift coefficient due to angle of attack
for C^ . 1.0; c^ = ^^ L^.

'

*'ai CD ^
,

additional and basic load distribution parameters
(Values of L^^ and L-^ were taken from ref-
erence 4 to obtain the load distributions.)

airfoil section maximum lift coefficient.

airfoil section profile-drag coefficient.
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'N

'r.ax

AC
D,

:i

md T7

n

I

W

Pf

t t

t »

s •

RR>!

\7ing normal-force coefficient (taken equal to

win^ lift coefficient,

win^ naximum lift coefficient.

uin^ profile-dra^ coefficient.

vrini? induccd-dra^ coefficient.

increase in \rin^ induced-drag coefficient due
to aerodynamic twist.

total wing dra^.

wing profile drag.

ring induced drag.

induced drag of the basic wing.

induced-drag factors (reference 4).

limit-load factor.

load distribution per unit length along the
span.

airplane gross weight,

wing weight.

Subscripts T7, ?, and C refer to weh, flange,
and cover weights, resi^ectively,

refers to a weight decrenent due to relieving
1 oads

•

shear force at any point along the span.

"bending noncnt at any point alon.^ the span.

specific weight (of aluminum alloy, 0.1 lb./
cu. in. ),

allowable stress.

e-^frctivc^ thickness of beam at any point along
span,

effective thickness of beam at center of wln^.
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Pi^re 3.- Spar etmcture and loade on wing.
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vs. Maurice A. Garhell, Inc. 893

DEFENDANTS' EXHIBIT VV

District Court of the United States, Southern

District of California, Central Division

Civil Action No. 10930-Y

MAURICE A. GARBELL, INC., a California

Corporation, and GARBELL RESEARCH
FOUNDATION, a California Corporation,

Plaintiffs,

vs.

CONSOLIDATED VULTEE AIRCRAFT COR-

PORATION, a Delaware Corporation, and

AMERICAN AIR LINES, INC., a Delaware

Corporation,

Defendants,

STIPULATION #2

It is hereby stipulated subject to proof of error

that the appended "Exhibit 18" is a reproduction

of pages 267-275, Vol. 3 No. 8 from a printed pub-

lication issued and published in the '^ Journal of the

Aeronautical Sciences" about June, 1936, and that

said copy may be used in evidence with the same

force and effect as an original, subject to any objec-

tion which may be made thereto as irrelevant or

immaterial when offered in evidence, viz.

:

LYON & LYON,
/s/ FREDERICK W. LYON,

Attorneys for Plaintiffs.

/s/ FRED GERLACH,
/s/ ROBERT B. WATTS,

Attorneys for Defendants.

I



i

II



JOURNAL OF THE

AERONAUTICAL SCIENCES

Volume 3 JUNE, 1936 Number S

Technological Developments of the Curtiss-Wright "Coupe"

Presented by T. P. Wright at the Pacific Coast Meeting of the I. Ae. S., February 7. /9.?6

ALBERT E. LOMBARD, Jr., Curtiss-Wright Airplane Company

T

1-1... 1. MixUl ill r.iitTalM wri'l tinip I '.f ' urti-- I.I;.i.

Sl'MM AKV

HIS paiK-r prc-scnts tin- rt>vilt> ..I rocardi xvliicti

\v:i> i-airud cut in the (kvd<.i>innu <.t the- Curti—

.ri^lit ••CouiH-." a t\v..]>lacc-.all-.iu-tal cantilever mono-

plane Wind tunnel data of the etteet> ..I >l)ht Hap- i-

rqx.rted. as i> al>o that ilealin^ with the dra- ot certani

teatiiros ..f the airplane. Structural te>t> of a >ene> .-t

stilTened sheet metal panel> in e<lj,n- compresMon are

rqx.rted which >how -o.k1 correlation with the "etleclne

width" conception ..f tl«e acti.m of thin sheet m the

huckled state. Compari>on i> made of fifteen type> «.t

stitTeners suitahle for u>e .mjein forced >heet structure-

subjected to compres>i..n. The re>ults of flight te>ts and

theoreticarstudies comhined with wind tunnel te>t- ot

airtoils are di>cus>ed. which md.cate that the stalhng

characteristics of tainred nu.noplane wings can Ik.-

appreciahlv improved without the use of aercKlynamic

twist, hy using a highly camlR-red airfoil at the tip hav-

ing a high value of Ci ......

.\ekoi>yn.\mic Desh.n

Wind tininel tests were conducted on a 1 12 scale ......... -.-,
,..,.„,.,.„.

...i
,. hi- h i^ .d-. r.d.i. .d

mo<lel of the preliminary design m the Ruftalo wnvl n.annanud -. ''-'-;'',
/ ,^, .. . „_.,^ , ,.

tunnel of CWss Aeropla.te and Motor Company. J'';'- 1'''" '^^-'-/;'^' ^ :;..,,.,,...,, ,,,.^^

shown n, Fig. 1. These tests inchuled the effect on nndd ,
..n.-n ..

' '

[ , , ,,.^^^^.

the lift and pUclnng moments of the installation o, spin n,g th>- ,...t,v.- .n-.n,. n. iImh

flaps. 207c of the wing chord. 42', of the span. >et at ,num hn ";•;"•;." „ „ ..,„ ,, .,,

^Odegre s. (Fig. 2). It is seen that the flaps pr.Kluced 1 <
re-u

1^
o, n

1 ,,.,,,....., .,. ,,.-

I ^sLe pitching nuunent (tail heavy) on the complete n.p.h are ^h.wn ^ ^\.^: _^ .
' ,, ^.^ , ^,„,„...

model, winch is desirable since thereby the airplane tern, o, n. t .. "
'j;

"..^ .'

;\ , J.
can be glide<l at a reduced airs,>eed after the flaps have drag, and n..l. M'' r

h'.nr.

2'

7

TTFr"BTT 18

iK-en e.xtended vMtl,..,i; •-;,:. mkimi;; tlx .1,a:,!..i Mm.

ctTect ha> be,n ,h.-.l...l n. li.;;!.t t.M ..nd i-.-md u,

.implifv comroninu tl:- ,.l.'l' "• " '" •" '•' ^^ "'' "-'l'^

down.'tlK- M'<-<'l "• '^"^' - ••''""
= '" '"'•'' ''^^ "''"

with til.- Hap- n.-.nral -. •!.:.' a ...n-';.nt tMa'un. >-
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ALBERT E

FIG. 2 ENACTS OP FLAPS.

<**~LAW01NG CtAB WITH SMAI.L COOTAMr FILLET^;

I I
I

I
I I

I I I

LANWMS «Aa WTTM en>M*OM« f».LtT;
N^

895
LOM BARD. JR .

TABLt I TH5T3 OF STIFF EfCD ?4STA4.CLAD PANCLS

2 3 *

uf T coerfioeKT c^

PIG i DRAC OP LANDING GtAR..

1_J
, «wta*<u *Bt* ><»» O (. VOLU»^/l.l'«»'"l

04

-^^
a

cot ipt. CTt MOC>CL>
-<;^

;/
•J OS

o

r—
;^ t^

J^^ ^^^

*

\ CAft-M «
1r mm DTI"lOS/lro—

i oz
FUSCLAGE FAieCD

1
i"

Landing gear <lrag:

With constant fillet

With expanding fillet

Reduction due to expamling

fillet

Cabin and wimlshield <lrag

:

(conipareil to snxjothly faire<I

fuselage, cabin renv>ve<l)..

Percentage

of Total l>rag

18%
13%

5%

57c

Effect

7 m.ph

5 ni ph

2 ni.ph

2 m.ph

LIFT COCFFICICNT C*.

FIG. 4 DBAG OF CABIN i WINOSHItLD.



1^. -^^^aaam^Km



BS6

I) I-. \ K I. O 1' M i: N I S (11- 1 II I i I U I 1
V > W Iv 1 . . II I

...
I I I J,,.»

SlKmiRAl. Dk.SK.N ;,, !„• v;i,tli-.l. lli, Im.il li'.ii ..1 t1i< >lill. Ill I iv|.r

|-,U.om,i.iv>>in,Mr>ts..l >Iuvlnutali..mrI>..i.»4Sr
'"•'^ ''•'^^•'' "" ""' '"^^''-'i"" .it..nv, m,, .. ulu.l, tin-

. , -.v , , . .-
.- 1

I
-tilltnii' ua- al'lf ii. raiiv

chul >tinnu'u liv vari<iu> t\|H> nt Inrim-il ami ix .

tn«U'<I shapes wni- tarnnl nut V> duck the "rtTmivr J
''* 'I'^'l'^- iM'.-i-i l;m,.,..I ,im u.,. |v,„.

width" HK'th.Kl fnr cumiuitiuK llu- strnij^th ..f stiHrncl ,
'-''^ '"^

*," '^ '';" n,i.,,.l,,l ,,„ „-. „. -.j

sluTt nu'tal |)am'ls. and to sckrt a suitahU- slifTciu-i

iyiK-

Thi- paiu'l trsts in<h«.atc that the "effectivr wicUIi"

„K?th<Kl. <levcl..iK-<l hy von Kannan. Sechler and Don-
' ''•"•''^'^nstu-. ni its .hapc and d.x-^n uln.h a.. u..m1,v

lilacfs anfj on utiur iii...|,U iii\..l\ni- ln-l. i I.m.j-. i m

iIk- "rli^ililr" I>|h>. tin- i.iimid-ii|. -iill.iui. '\\\,t i,,

was tlu- stronj^Tst. '|"his stitt\ii<r liad sisii il .Ic^-nalil.-

'I roiunicnt :

ndl
'•' and hv I-nnd(|uist' ( Method C). wliich as>nin<s

the stiffener'an.l an etTeetive wi<lth of a<ljamU sheet * ' '
''"^ MilUnrr had s„»tu ,.nt d.-,.il, ,.., tl„- l.n.^th

to aet as a unit, all at the same stress. give> r.kkI o- """'' '" I"'"*"' '"'"" ''>' '"•^^'"- ''^ '" '"'" '"'•"""

ordination of the results. Ueferrinjr to Tahle 1. it .s '

'"' ""^ ^""•"^•'- ^^''^ •"•"'' '" ^""-'"""^ 'l'"'^

. . ., .. ff..,;. ,
.. c .-a T 7 material that it did ixn ImcUlc l'.(all\. llu- rhatai

siTii that the etteetive stresses for stitfeiicrs Tvpe 7 . .

IT II ...k; -K .. .^ . . 1 If- teristu- was nia<le iM.s^iliJc 1,\ tlic tad tli.ii iln -iillimr
ami Tv|K' 11. wnKh were tested on panels of various

, , ,

•

., , f -rr 1- -.1 • li-'id a small developed widtii. It (an l>r ;jinii.il|\ (cn
gauiit'^ with various inimlK'rs of stmeners, lie within ,

, , , , , , , ,

, , ,
•

, , , , I
• 1- •

I ,
e]u<led that the developed width ol stiiicm r- s|ii,ii|f| [„

narrow kands wliuh are no hroader than the individual
i,

. . II • 1 .• 1 t /-w 'i^ small as is eunsistent with tiic dcsin i! di i.ili i..i-

variations «)n supp<»se(llv identical panels. One cxcei)- ,. ,
'^

,

, . , ,' . , • , railer streiiL'th.
tion to this elose correlation occurred m the two tests ,,,,-, v
, ..V. ,,. ..

, f.jt , , ,
.,.. (.^) 1 he fonnetl hnlh ol this stilfciMr w.i> -. -Iiaixd

of stitTener I vih- 1 1 with .032 sheet aiul three stillener> ,
,

.„ ,, ,,
'

ihat the stittener was well sni)port(d latciallv uitlmiit
per panel in which the sheet failed prematurely <lue,

apparently, to a inculiarity «»f the rivet pattern on those

panels, hut this exceptitm is not IK-Iieved to invalidate

the rule estahlished. The "effective width" method of

analvsis is considered verv .satisfactorv.

undulv stressin}^ the fret- nh^v t<» lausc it tn i<il| mit

flat.

(4) The distance from the vcilical l» ^' "I tin stillim i-

to the line of rivets was small, ihiis eiiahliiii^ tin- v< iIh.iI

le^ to Jjive con^iflerahle sujiport to the sjirct panel.

(5) 'J'he upturned roll on the fri<- ed^^e ol tin meted

Stikki:.\i"k Ski-Kction lej^ oflered supjMirt to this \v^ and to the ait.Kind

J sheet.

ami I .:. w im iiIn selecting,' a .suitahle stifTener tyiu-. certain restric- 'J'Ih' extruded stiffeners, lyiics 11

tions were necessarily placed on the type of stifTener were next hest in order of merit, wcic sehd.-I f.,r

and its nietluMl of attachment to the sheet. These re- actual use hecaiise of:

strictions were: (1) The hij,di maximum stress wliidi tliey d<AeI>.i.< <I.

(1) The stiffener shouKl l)e of a type that attaches (2) The manner in wliidi they failed without sndd. n

to the winjr skin with one row of '^ inch dural modified collapse so that after faiinn- they wcr.- still al.it to

brazier head rivets spaced 1 indi apart. c-irry a lar{,'e percentajje of ilieir m.ixiinm.i load.

(2) The .StifTener shouUl l)e of a tyj^e suitahle for (^) The uniformity ..f inamiia. tm- --t il,e .Mnid.d

use where the rih spacinjj would 1k' approximately 20 shapes, and

inches.
'

'

M) The low fahritated ( o-t .,i tli<- eximded di.i|.< ..

(3) The .StifTener should have sufficient area and It should he noted in pa-sin;^ thai tl,. ,M,,,d.d

strength sudi that, when used with .032 indi thick -Iiai>es were made of J4ST alinniinn,, all-.v. while il.e

24ST Alclad. the stitTener sixidnp at the root of the formed-u]. stilt'eiiers. '1 ype (. -[.e. .n.;.

wings need 1k« not le.ss than 4 inches. This third re- "< -'4.ST .\Idad which is approxunatdv ]()'/'

quireinent was onlv i)artiallv adhered to.
"'••^" ^traiulit 24.ST. l're-n,„al.lv. ii tl,. i.„n,..l -i]

The tests are summarized in Tahle 1. It was en- »>"<•'-. Typ<' (>. w.re made .a pui. 21-1 it v...u,n ,h

deavorcd to test representative sections of all tyin-s. < onsirj.ral.ly strong, r thai. iIk- .xtr-id-d hap.
.

hut

some ohviously designed for case of fahrication. some eorroHon diffieultie, prev-m the n-. oi unpr.-t.
.

t. d

for high structural efficiency. Inasmuch as any stif-
-^^'^' '" ''"" ^1"<''-

fener could Ix? made somewhat larger or somewhat
smaller if the area was not consistent with the load

j , ^ ,
| ,,• mmi •

i

'Th. von Karmaii. K. K. Sechler. and Donnell. r/.r .SrrrMv//i All the di(et in< tal pai.ej, •.-.err npport-d in the

o/rAin /'/a/fj m C"om/»r<'jjio», Applied Mechanics Transactions jVamcuork. I'ij,'.
•' 1 he load w.a aj.pli'd f. ' adi

^ A F^ SccMc"\hr\'iltimatr Comtrcssirc Slrnu/th >peeimen hy hi'" k- wind, damp-.d on th-
•
id -t

•i*'** Aff/a/ fawr/j. Thesis at Calif. Inst, of Tech. 1 934
^^^^, ^j^^.^.j i

)„. .tiff'ti'Ts. .\hidi h-irt-d a;.'am t th'-

.•Eugene E. Lundquist. Comparison of Three Methods for
, , , . < . , l . ,1 , ,, tl .• . .,d -.i.d •.. .ii

CalcHlatiH<, the Cou,(>reishe Strength of Flat and Slv,htly ^teel fare plate-, were hni-h'd on th. M.d, ..i.
1

....-,

^^d Sheet and Stiffcmr Combinations. SACA Tech. Note ^ateh attat hed to tlv -hee:- to |»rovid'- •'.' ".rr<<!

•^0. 455. V)i3.

Wie lii:ii|<'

\". f .al <r
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FIG 5 Te5T JIG PRAME

overhang of the sheet on the end to fit the deptli of the

clamping blocks. In order to take care of small varia-

tions in the ends of the stiffeners, small brass shims

(.002 in. to .010 in. thick) were inserted until they

were tight l)efore the load was applied.

The vertical guides of this frame were made of steel

and held to the 12 inch spacing by steel bars across

the hack. The thickness of the slot thru which the

sheet could sli<le was accurately maintained by clamp-

ing shims between the l)ars slightly thicker than the

sheet to be tested.

This method of supporting the edges of the sheet

was found to Ik* very satisfactory when testing panels

with stiffeners. On such panels the buckling was

always more severe in the middle of the panels, and

the failures always occurred in the middle of the panels

—never along the edges—at the instant when the stif-

feners failed. The frictional load carried in the guides,

up to the point of failure of the stififeners, couUl Iw only

a relatively small percentage of the total load in the

sheet edges. Previous to the time of failure the guides

would drop freely of their own weight whenever the

load was removed. It is estimated that the frictional

load in the guides increased the observed maximum load

by possibly 50 pounds, which is considered negligible.

The testing machine shown in the photograph. Fig.

6, developed after the fashion of the one described, (see

Reference 2), incorporates a hydraulic jack with a

maximum load capacity of 20.000 pounds.

Im(,. (.. Hydraulic test niadiine for >lKtt nu-t.-»l iv\nol>.

Ml TIIOI) LSII) TO CoMI'l TK StRI SS I .\ StiH KMR ANH

SlIKKT I.N r.\NKI. TKSrS

Reference 2 sh«)ws that the l««i<l carriol by a simply

supiM.rted. unstiflfene*! sheet metal pami can U- reprt-

sentcd by the formula

and the "effective width" can l)e writnii

2,1= (W Vf." ff.

in which

C is a function <»f t. an<l X as shown in I'i^. *'.

, = (6/«)V7r<r

E is Young's modulus of elasticity.

<T is stress at the supjiorteil c<lge of a panel an<l als.i.

in the case (.f stiffened panels, the stress in the

stiffener and adjacent sheet (of effiTtive width =

2w).

/ is thickness of the sheet.

/. is width of sheet i>anels lietween sui)iH.rts.

R is radius of curvature of sheet.

The curves of C given in I-ig. for the rangi- of r.

and >. encountered in the wings were (lerive<| from <lata

_J
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.f Reference 2. The lu.nu.jiraius. Figs. 7, 8. 10 and 11.

*ere develoiKnl to simplily the computation of the para-

meters and the values of 2 xf and P.

i The assumed stress distribution hi the-stiffeners and

kheet of the panel tests i> shown in Fig. 12, m which

he stresses in the stitteners and adjacent sheet elements

Lid in the edges of the sheet are all the same inasmuch

,is the shortening of the ,anel under load is the same

at all points. Because of the supixjrt offered the sheet

by the side guides, it was assumed also that all tlie

width of the sheet inside the guides would act effectively

at the maximum stress. The justification ot tin.

assumed stress distribution is believed to he in tlic^clo^c

correlation of the tests of the stiffeners Types / and

11, Table 1.

WiNO Static Test

A complete wing for one side was static tested to

the full design loads for high angle ot attack and

inverte<l flight. This wing, designed to close margm^

in accordance with the methml as developed in the panel

t- S, carried the design loads without failure Uip,

^..a fittings, designed according to this assumed distri-

bution of stress in the sheet and stiffener, were a!

found satisfactory. These facts speak for the practica

applicability of the metho<l of analysis to the de.ign ot

all-metal aircraft.

Flight Tests

The most interesting part of the flight tc.t i....gram

was that devote<l to tlie stalling characteristics ni which

modifications were effected in the wing contour which

enabled the airplane to I»c- stalled in a ...looth .-.nd con-

trf)llahle manner.

FIG 3 tVALUATlON OF C

J
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RG.IO. SOLUTION OF 2w» C.\^f^

As originally flown, the aiq)Iane had a straight

tapered wing with an X.A.C.A. 2315 airfoil at the root

and X.A.C.A. 2309 airfoil at the tip with no twist.

The N.A.C.A. 23(»-23 12-23 15 series was selecte<l

because, on the average, it showed the smoothest shaped

lift curve peaks of all the low cambered, low drag air-

foils tested in the N.A.C.A. Variable Density Tunnel.*

The stall of this wing was observed in flight, hy wool

tufts, to start at the leading e<lge near the right wing

tip and progress rapidly to cover the whole tip portion

PIG.n SOLUTION Of- P-Ct"-/E?

The cainlierfd auxiliaries ap|K'arcd to Ix' licttiT than the

synuiietrical in tluir effects on the stall. Ilowtvir.

the installation of cither tyiK' of auxiliary was M) detri-

mental to the take-off and clinih characteristicN, juirtiai-

larly with the auxiliaries at the angles necessary for the

U'st stall characteristics, that the use of the fixetl

auxiliaries couki not l»e considered satisfaiiory and was.

therefore, alwndoned.

«.f that wing, whereupon it would drop uncontrollably.^ /^ The other cot.rse which was follownl to in.pn.M the

The c..nditi<ms with the split flaps extended were essen- ^stalling characteristics was K. UKMlify the airfoil section

tiallv the same as with them retracte<I.

Might tests were then carried out with fixed auxiliary

airfoils. 14. 5'^,' chor<l, extending over the outer 50%
of the span. Two types were investigatetl, one with a

symmetrical N.A.C..\. 0012 section and the other with

a highly cambered N.A.C.A. 22 section.'

It was found that, under certain combin.itii»ns of

angles, these fixed auxiliaries improve<l the stalling char-

acteristics by reducing the autorotational temlencies and

improving the aileron contn»l. The effects of these

auxiliaries were quite insensitive to their angular set-

ting; i.e., a large change in angtdar .setting was neces-

sary to bring alnnit an appreciable change iti the stall.

Jacobs, Ward and Pinkcrton. The Chararlcristics of 7H

Ki-latfii Airfoil Sections from Tests in the I'ariable Densily

H'inJ Tunnel. N.A.C.A. Tech. Report 460. I'M.V

* Fre<l E. Wcick & Robert Sainlcrs, H'imi Tunnel Tests on

Comiiinations of a Wintj u-ith Fired AuxHiary .Surfaces llai-ini)

\an„us Chords and I'rofiles. .WA.C.A. Tech. Report 172, 19.U.

on the outer |)ortions of the wing by fairing out the

under si<Ie of the lea<ling e<lge in successive ste])s.

increasing the leading e<lge radius, and increasing the

airfoil camUr. This pnK-e<lure was foimd dehnitely t«>

improve the stalling cliaracteristics. With the fin.il con-

figuration, the C\V-19 airfoil (lig. 13) at tin tij.

tapered to the N.A.C.A. 2315 airfi.il at the r(N)t. all

.lutorotational ten«kncies In-low the stall were elinii-

nate<l and the airi)lane could lie positively controllnl m

the stalle<l conditi«»n. The wo«»l tufts shownl that tlu

stall of this wing start e<l along the trailing olj,'e ne.ir

the mid point of the semi-s|Mn and pnK-ee<le«l gradually

in all <lirections. The leading e«lge at the tij) renuinol

unstalled throughout. It is interesting to note tliat wlien

the nature of the stall was changnl so that the s<|vira-

tion starte<l at the trailing e<lge. instead of at the lend-

ing edge, the whole charactec «»f the stall Uv.nnu- sin<"'ili

more controllable.

It .ipiK-ared that the change to the C\\-19 airfoil at

the tip was e<|ual in effectiveness at the stall t^ the
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iG.ie. sTee55 distribution.

.t'lation of litlur tyin- of lixrd auxiliary airf«.il.

M." was IK. ohsftvahlc a«lvcrsc effect on tlie stability

irformamv dm' to ilii> imKlification.

Thk«»ki:tu.\i. Invksth.atiox «»k Taim rei»

TwisTKo W iN<;s

K- nutli.Kl of iinprovinji >tallinj; charactcristio of a

is t.. UM' ainMlvuainio t\vi>t mlucinK tlu- inci<Una-

; tin- >iMU >o that the ti]. will stall at a liiulur

'

ol attark ihau tlu- r.H.t. Tlu- effects of thi> t\\i>t

Mletenuiiie.1 analytically l.y the nieth.Kl ,UveloiK<l

laueil.- ( rhaptet- Xl. ) tIh- circulation aln-ut any

I on the win?: >l>an i- exi.re->e<l hy the l"«.nrier

(1;
r •-*'»! i;.i„ >iii II

V

r is circulation ( '/.« * -)

/• is winjj s|»:ui

«• is winn ihonl at any p'int

/•
is vel.^itv at inhnite ilistancc from winji.

• rq.reM-nts |)..int on win^' >l«i" ilefnied hy tlif

n|uation:

.v= d' J I c..> «

V i> di-^tanci- out front center line.

•limiiM.i^h Ml.Hity :c at any jHiint « Ikcopu-

'.y n|"-»«'"K «•'*• ii'i« «••»''"«» 'lelined hy th.- ha-i' -""
'

|. h to iIk- eirctilation .lerive.l from t!,. :.ii-!' ••

<kk as affecte.1 hy .loxxnua-h ( IC'i 2>. H"' >-- 'i
;: -

iltraij-ht line variation of lift cm tli.imi witl: .•.^>•'

(Jlau,-rt. Airfoil .;»./ .f/'.«.r..v 7/.."'k « atn'-r/;.- I'r-
•

FIG 15

attack, the following njuation i^ nhtained for tin ia|Knt|

\vinj» with constant twi>t alon;^ tlu- ^pan :

I'.l, sill hOI/. siiifl -I- I fi\ I (rM^«*i« CU

wlurc-

'

~% is ahsolnle an^le of attark at th<- r.^.i inra-nrr.I

from zero lift

c i> aePKlynaniic tui>t at tip ().o-iiiv. uhm tin-

anj^'le of attack i> le>N at tlu- tip than at i-hiI.)

The lir>t four ctK-ffnients of thr Mri«-> A,. A.,. A-.,

and A: can l»e evaluated hy sali>fyin'^ l-..|. ( •> I at the

four |K.int> « 11\- . 45 .
(>/' , .

'«> H'l^ i-valna

tion ha> U-t-n niad«- for a -^t^ai^ht tain i..
I

uni;^ a^

foll«»\v>:

A>|N-rt U:.tio//
' l>S «..7_'l

TipCliord l{<H.t ( hor.l HH

,l<-,^ ,1 X..
•'»>>• r;i.li.ri

.1, :*\:>\.\ t •>^^^''- "'

.\, .nnlTl / ni'.vi

.1, inch;:; ^ t
.«hi:'.«.j

.1 ininsT / inM.i;;
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(•,_,.. IL .<(,\ tI, .\ > ri: \
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of ' /„.. J'lid t .
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LIFT COeFFICieNT Ct

FIG. 14. aCdi poe TAPtetD wing
dCc/«K-0^64/r»dAttPtCT RATIO • CTtA

TIPCHOBD- .*6l BOOT CHORD

—r-T-T—

T

—

r

-1—

r

1 *

4
»iA.CA a<»-ae9 wmc

-t3s7' '—" a< ^ n: r; sv
-—
C"-'-- - ••TWIST^

i'^N '^
ii>..

1

"nV N

\\
5^

r^

1J
_. _i

_ _

1

POaiTION ALONC aim-SIMM

Fltt.15. LIFT COW-HCItNT ALONS TAPtRCOWWG.

ASPeCT BATIO 6724 TIP CMOeO" 4*1 BOOT CHOBO.

Curves are plotted in Fig. 14 giving the values of

aCm for various angles of twist. For a twist up to 2"

the induced drag is not serious, amounting to not over

1% of the drag of an average airplane, but as the twist

is increased above 2" the drag becomes appreciable.

The lift coefficient at any one of the four points

• = 22>4°, 45", 67y2'' and 90" is obtained from

Eq. (l)tobe:

CL = 2r/cV = (46/c)S.4.»inn« (10)

In Fig. 15 are plotted the lift coefficients along the

span of this wing with zero twist and a wing with a

hypothetical 6° of twist, both at C*^ = 1 50. In this

figure is plotted also a curve for the maximum lift coeffi-

cient along the span which was developed taking into
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account the variation in tlic maxiimini lift witli airioil

thickness ratio and willi Uc-ytiolds NumlKr. wlmli varu^

along the span due to the tain-r.

It is seen that the win^ with twi>t iNa-nl> tlu-

niaxinuun lift c<»eriicieiit for the 2.^.=^ 2M}) >eru> -.x..

a considerable pirtioii of the outer winj,'. and it i^ tlien-

fore reasonalile that there ^liotd<l Ik- a i.ron..niur.l

tendency to stall at the tip first, l.rin^,'in^: aU.ut .iiu-.n-

trolbble autorotation. The curve with '> lui-t r.|Mr-

sents a wing that should U- NaiiNfaeiurv in the >iall H

the N.A.C.A. 2315 to 2.W»^ winu were retained. 1
1.•^^

•

ever, referring a^ain t.) I'in- ^ *• i"- >•«" »'»•" ^"''' '

wing would have an appreciably hinlur dra>: than ili.

untwisted one. It is to l)c e.Mulu.Ud. ihei.fure. ihat

to try to obtain gcnnl stalling charaeierislic^ mer.lv hv

twisting the wing is dccide<lly inefheient. It is miul'

better to use only r-2' of acnKlynamie txMst in .'.m-

bination with a tip airf.»il having a hi>;h vahu- of ( ,-.,

and having a hft curve with a round sin.-.ih uv

: It is of interest to note that the U-nerit> «••'""'
'||^

/substituting the CVV-19 airfoil f-.r the N A I A -
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DEVELOPMENTS OF THE CI R T I S S - W K I G H T ' r o IP I. 2/5
*J U

-

tip were due entirely to the extension of = 1.00 for tlu- X.A.C.A. 2Mf^ a\u\ C ,„.„ 1 IS Un ilu

to a high value oi C Lm^ at a high angle Gark V.

There was onlv 0.2' shift of the zero lift Figs. 16 and 17 have Urn pniun.! ii-m)^ im,Hu uiit-

the N.A.C.A. 2309 airfoil to the CW-19 from Reference f» to sliuw the In.i.l ^,Ma.hll^: tnivrs

etl to a common chord as determined hy and lift coefhcient grudin},' ctirvcs fi.r a mi it- i.f

HufTalo wind tunnel of the Curtiss Aero- airfoils with various tajn-r ration fur an a^imt iaiii>

lotor Company. However, these tests on /^ = rf C../</« .. = ai»proximately 5.S. it i> imp..n.iiit

rfoils at 80 m.p.h. showed that the CW-19 to recognize that wliile .strtutnral efruitiuy iN gaiind

)[)ei\ a high uncorrected C't,^. = 1.36 with with the high ta|)er ratio, the |Mul.I,inN ..i ..l.i.iiniii^

undcd lift curve ix*ak, comparahle to C"/„„. go*J<l stalling citlracteristii n are in* r«aMd.

Admitted November 24, 1950.

J./

J
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vs, Maurice A. Garb ell, Inc. 903

DEFENDANTS' EXHIBIT WW
District Court of the United States, Southern

District of California, Central Division

Civil Action No. 10930-Y

MAURICE A. GARBELL, INC., a California

Corporation, and GARBELL RESEARCH
FOUNDATION, a California Corporation,

Plaintiffs,

vs.

CONSOLIDATED VULTEE AIRCRAFT COR-

PORATION, a Delaware Corporation, and

AMERICAN AIR LINES, INC., a Delaware

Corporation,

Defendants.

STIPULATION #3

It is hereby stipulated subject to proof of error

that the appended are reproductions of the follow-

ing printed publications and that the said copies

may be used in evidence with the same force and

effect as originals, subject to any objection which

may be made thereto as irrelevant or immaterial,

when offered in evidence, viz

:

"Exhibit 19" is a reproduction from a printed

publication, Vol. XLI, pages 175-180, entitled

''Aerodynamic and Structural Features of Tapered

Wings" issued and published during the year 1937;

by the "Royal Aeronautical Society" of London,

England.

"Exhibit 20" is a copy of a reproduction of a
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I

904 Consol. Vultee Aircraft Corp., etc.

publication entitled "Correspondence," Vol. XLII,

pages 754-755, issued and published during the year

1938 by the "Royal Aeronautical Society" of Lon-

don, England.
'

' Exhibit 21 " is a rei)rodU'Ction of pages 660, 66]

,

671, 672, 690, and 697, Vol. XXII, of an article en-

titled "Development of Sailplanes" issued and pub-

lished during the year 1938 by the "Royal Aeronau-

tical Society" of London, England.

LYON & LYON,
/s/ FREDERICK W. LYON,

Attorneys for Plaintiffs.

/s/ ROBERT B. WATTS,
/s/ FRED GERLACH,

Attorneys for Defendants.



ABBODYNAMIC ANIX STRUCTURAL FEATURES OF TAPERED WIN08. 175 ;i(i5

response to ailerons and its resulting effect of manoeuvrability

^^
• ffordcd bv wings of higher taper ratio can therefore only be utilised

,hich
»?^*^^^g„ ^^ maintain a sufficient degree of lateral control at and beyond

Thk Staixino of Tapered Wings.
'

«.• h\ect has recently received a good deal of attention in this country and
Thtf suDj^

^.^^ ^^ ^^^ unpleasant characteristic of tapered wings, especially

'

^Jhieh taper ratios, of dropping a wing when stalled in a more vicious way

"•^^ancnilar wines. It has also been observed in flight and on models in the

-^ rectangu &
tapered wings there is a very definite tendency to stall

"
,"1he tios and not at the centre. The stalling characteristics of wings of

...t
a'
J"^ ' »:^ are still very much disputed, and some designers of aircraft

r wings of relatively small taper ratio claim stalling characteristics com-
*'

?. ._ .u^^o ^f rprtflntrular winns.
parable to those of rectangular wmgs.

[f u firlt faced with the phenomenon one is inclined to explain the behaviour

h^st^rof tap^^^^^ solelv on the basis of the aerofoil theory. The

!!rXl theory indicates, as illustratcxl in Fig. 7. that an elliptical wing or a wing

Fio 10.

taper ratio of about 2 : i which appronchcs the elliptical <lisi.il.mion should

JiriulLtlsly over the whole span. Wind's of higher '^'P-;"";;:/ r"^,
.1 first at a point somewhat inboard of the wmt; tips as there "' "^•^' ! "^^

-effective an^e of incidence reaches a maximum value pnor 10 ">"»; f^"'""^

.he wing. However, it has been found that .he aerofoil theory aU>. e dot.

'.«ive a satisfactorv explanation and that a number of other P^'"""'"; '«"

i considered. jJsts Tarried out bv MilliUau (.4) at the
'f"'';;""'";

''',",

Technology, indicated that for a win^- of a ^-iveii taper ran., .he chara.ter.s...s

Mailing dianged decisively as the aspect ratio of the win^ «as increased.

More recent tests bv Irving at the N>^1-- .""^
"''^••"/''.'r^ '"Jfo' ,h^e

ov (,5) have indicated the existence of a spanwise flow "'"^•'; ''"P\"..
le^din^

••ettim'of sweepback. On a taperc-d win^^ with no sweepback j'^'" l^^'^'^K

•':<eand a sweep forward of the trailing' cdKC, Irx.n«: observed a ''"">'^;«

lU near the trailing edge which was directed from the tips towards tie .en re

; .he aerofoil. A similar tvpe of flow was <.bserved bv l-rav on «'"t.'s «h.ch

^ neeative anele of vaw^ fjr<-rrr«.i an outward flow (towards the tips)

•-^I^^S^rfi^ered'vv^ng having a swept back leading and '-rrespond,ngl>

' l»ll-«ale on a mJJioplanc vvith positive angle of yaw. Cor'oponding to the

*=wioo«f this secondary flow the stalling of the tips was ei.her delayed when
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ITC.
I \t iiM ^^ N Dflfi

till- l1()\\ IkkI ••'1 inward dinttloii ;m<l :i. . tKi atrd wlitn »lic How h.,,| ;,n ..

direction. llu- »\-|)lan.ilinn lor ilii-> plu noimnon, ;^•^ -i\«ii \n (.i;i\ (/

lulv ihtli, \U^<^i), <li'^" '•* ''" l••'^>^\^l vt- prisvuri' -i.idHi\t, is nm ,.>n\i;

( \* H 1 tnkv of llu' N.l'.l •• lias poiiiH'd out in ;i KtHi ;td(lr(ss(d to /•//,/,
•

f \u«nisl J-th, i'<(V>) ''^''^ ''^ *''' *"•'*'' *'' •' .^•'^^*'<' atioU.il ihr \]n\\ in;i\ I).- n

-

'mu>^ -.i
two-dmitnsioiial Mow in pl.inrs normal !»> llu- ;icroloil to-iilnr v

uniform vrlinitv :don.:^^ llu- span whirli will not aflc i tlw r(|uilil)riuni ..I ilu •

(.TM' tlow . 'llu- spanwist- iompomnt ol tin- llow will allrrt lln' homulaiv

csprriallv when the airoloil is stalU-<l. In tlu: < as,' ,,i a \awr<l a( ruloil,

tin- laM-'of an at-rojoil with swipi forward trailin- rd-c. dead air will lu

porti'd from llu- tips towards the .-.•ntrc thus <lcla\in- ihr siallin- ol '.he tij)-

'uvck-ratin- the stallin- of tin- tips and a.vfUratin- thr stalhn- o| the en;

comparisoir with the corresponding aerofoil with straight traihn- id-e.

This aspect of stallin- still requires fuller restarch. and it seems ;, litt •

carlv lo form a definite opinion, hut it is most likelv that the pheuomen..n .

spanwisc dead air transport will explain certain ,>hserN atM>ns m re.^ard i

point where the hreakaway of the tlow fnst (Hvurs on the urn- whuh .

contradiction to the ordinary ai-roloil theory.

Apart from this phenomenon it is usually overlooke<l when applv m- the ;;,

aerofoil theorv that the win- section alon^ the span >s n<.t constant on ;,

monoplane win-s as the thickness chor<l rat.<. xarns usually Irom the ,

towards the tip, apart from the chan-e m ciiord.

In predicting; the point where stallin^^ w ill hrst o< cur. it is necessary to r

allowance for the actual stallin.^ an^le of a sect.on at any pomt ol the pn •

bv varvin- the -eometric an-le and the charactenstn s ol the section (ih.

chord VatTo and camber) it should be possible to conlr..l to some extcn

commencement of burbling: in relation to the wui- plan lorm.

(a) Inflvencc of Twist.
,

\ mere twist, i.e., an outwash towards the tips seems to be a verv
..^j

scheme to delay the stallin^^ of the tips, but it .s m mv
'>P';7>"vy;';> "

way unless the twist becomes so cxcess.xelv lar^e that the <hAi, an

distribution at small anodes of incidence are substant.allv altecte<l ^ "j''^^

published some theoretical investigations in 1033 ^'^ ^''1
, ''fin el .

I

The distribution of twist alon^^ the span was so chosen as to<>bta.. a
1

C, distribution. The followin^^ table contains the an^^le o tw.st and tli
•

of induced dra^ compared with the minimum value f<.r elliptical hit clisu

at an overall Cj^=i.

Anjjlc of twist equals ditferciice

of {»eoiiictric anjilc at root

Taper Ratio. and tip for overall Ci. ^ 1. Di/l^' ^•'•P-

5
20 i-^>

2.5 10 '•"

1.2^ 15 »°'

I 135 »°

On a wing which was actually used on a glider consisting of a rcj^-' '

centre portion and tapered tips (taper ration 1.54) the twist rcqu.n

tapered portion was —9.5°.

Hueber's assumption of an elliptical C, distribution, ^^^^'""''^^
'^^^T^.

quite arbitrary and may appear too severe. In a more recent P"'^''^^
,.

influence of twist by Albert E. Lombard (18) in the Jovryial of '''^.'^^ ^
••

Sciences ('* Technical Developments of the Curtiss Wright Loupe
; .^ ^ ^.

comes to the conclusion that even a mild twist not ^''ceedmg -o^^^_^.^.

inefficient way of obtaining good stalling characteristics. The ''^'^S
^^^ j^,

-.

by Lombard had an aspect ratio of 6.724 and a taper ratio of 2.10.
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\BRODYNAMIC AND STRUCTURAL FEATURES OP TAPERED WINDS. IT7

ed drag for various angles of twist and the resulting^I^RstrlbjMtepre I/j)'^

Fie. II

t twist up to 2^ the increase in induced drag is not tenqiis, amounting

L^^ ^vcr I per <^^"*' ^f ^^* ^''^^ ^**'' *" average aeroplane, but j| the twist it

* ^^^
^1 above 2° the additional drag becoi;nes appreciable. ff

ripfftased
abOA

^ >• A A 10 41

LIfT COe^FlCieNT C4.

ACoi PoeTAPeecDv/iNC.
A«FfcCT RATIO • CTt4. dCi./«K-***^^
TIPCHOSO-.461 BOOT CHOSO

3 . 3 c TT A
poaiTiON AU>M6 atm-aMN

LIFT COW-FICItNT ALOMC TAPtODWIlC

ASPeCT BATIO ' ^1Z4. TIP CHOBO- .4«l «OOT CHO«a

Fio. II.
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[h) Tuixt Combined vHh Chautjc of C<nnl>rr.

More t'llicicnt than a mere twist is tlu- combination of twist -.uu] . h.r,^

camber as follows from Fi*;. 12, wlurr lift turves arc plotlc<l foi ;i v., •,.

small and a section of hij^^hcr camber. Pro\i<ie(l that the <lirtrrrnre in ,

smaller than the difference in zero lift ans^^le, it is obvious that the toi.il ;,;,^

rang^c for the more highly cambered section is greater than for the sec lion

low camber. This increase of total effective angular rangi- can be uiiliv..;

delay stalling- of the tips. If we consider first a section of a rclativel\ low , ;,p

near the root of the aerofoil, and if we base our consideration nn a ^;

theoretical C',^ distribution depending on the taper ratio of the wing, a .. r

local value oi L\ is required. The margin against stalling of this set ion

7=(amax) absolute - a, -CVn.„ /(</<"JJa)- (\,H<i(\.! <ln)

Cl
16 >•^ >s-

1-2
NAQ^4412^^

"N

J

•8 >^—

^

y-ACA
418

•4 ^:> < Ct

//
y

^MAX **MAX. '

«i
'

-^ ri—
.«: -oc'

c

.

Fig. 12.

dCJda=2n (theoretical value), but this value is actually slightly inlluencu:

thickness chord ratio and camber; (a„„) absolute - a„ + a„,„ where <...
z^k'

angle and a„„ is the angle at which CV^.x is measureil from a o.

Let us now consider a section further outboard at which the Unal lili «oetiik

required may be CV- The local margin against stalling at this portion 01 :

wing is therefore :

—

y = (a'„.„)/absolute-rV/(''^'..,"/-)-

It is obvious that if y > 7, the wing will stall hrst at the inner ^<•<'»'C)n •

the difference between y' and y will then represent the margm agamst stai
_

ol the outboard section compared with the inboar<l one. It can easily he \«ri^

that the required geometric angle and therefore the necessary amount ol n\

to produce the value of C^ is equal to the difference of the respective /tr"

angles of the two wing sections.

An investigation on these lines has been made for wings of various '••:;'

ratios, and the assumptions in regard to distribution of thickness ihi>i«
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.

..tmlnr ralin .••lonj^ tin- span an- pl»Utr<| in l-ij;. i_.,(. ri,,s li-i,

.ontains tlu' ainoimt ol twisl rc(|iiirr«l in ni<I.r to puKlm « llu- tluoi.ii.

ribiition lor a ^'iwn o\ trail (', \aliM-. Ii m ,ms adv is.ihl.- to «h<H)s«-
.

yl C'l value rorrrsp4»n<Hn}4 to tiimhinj^ lli-ln. j-or this condition o| lli^
*fl At«n*^ lk«k a\r^ Ill^fJ *'l Wfl > M \l I 1 « I I II >J >^ I tlf'tAm <..k.«« . I '.I .

*
I

-

II <

.IJ

It)

009

ASSUMED DISTRIBUTION OF THICKNESS
&

CAMBER ACROSS SEMI-SPAN.

15%

15^

1^IICKNE56/tHORO. — — —
" !

' 1

— — - - —
^^^ f

—

KNESS.
1

I23l — \— —"^ MAX CAMBEiytHORO !

"^camber; ie;.
11%

"^
<^

\Q\
AHjLE of 7WIS1

» ><dK- .V
•5

J

•4

4J
POSITION OF
MAX CAMBER

1
' iit

9% — r^ p2>;-^

?
^

-^^
"***^i*^ I

^:^ ::>^

or

^^ 7W
1

^^
^^^

SEM>6R<kN.
1—

\

—
ii I

•

9 4 S ft.-. 1 1 6 1 9 LJ<.

V\i\. I2«f

T(ipeTe<\ lliHj/H (tnd Wimj Tip Slott*.

^^e method <k'st rilnKl abo\ r is based up*)n the inrrcase of anj;ular raiij^e mainly
* to the lower zero lift an^lv of hij^lur camborrd sections compared with those

• iow camber. The obvious disadvantaj^^c, of course, is the difficulty to fair

^tions of varyinjT camber and also the concentration of hi^di torque at the

^ where the resistanc e of the win^^ a^^ainst torsional deflection is weakest.

"^her metho<l consists in utilising' such sections where the an^-^ular rans:e is

"^fased at the hi^di lift end of the anj^ular ranj^n\ for example, by usint^ a

^-^ed section at the tips.

"^'•'ng away the boun<larv layer is also a means to increase the hii^-h lift end

*^- -«ngular ran^^e. and one could conceive a metho<l to prevent tip stalling'

'this basis. Such a melho<l would, however, sufTer from the obvious practical

'^vantage that the effect is bound up with the working of the power plant

''^h drives the pump.
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5. Tapered VVinus and l.oxurrrDiNAL STAitii-nv.

(a) Analysia of Pitching MoiiKuts.

Most dcsi«»ncrs who bejjan to dosij^ii inonoplnm s with t.ipctcd v.

applied the knowU-dj^:!' an<l cxporl(MU'c i^iiiiud horn hiphnu- dcsi-n 1

faced with the dilficuhv to ohtaiii salisfadory loni^lliidiiial slahilii.
,

910

r_

r

X - TAPER RATIO

MAX. CAMBER fS) 3 CHORD

MAX CAMBER Q 4 CHORD

MAX CAMBER Q 5 CHORD

/ fl5% AT WING ROOT
IHICKNESyCHORD \ 7% AT WING TIP

«.^« r 2% AT WING ROOT
CAMBER RATIO. [g^ AT WING TIP

-rrT! 1 1
Li I 1

/•

Kic. 13.

found it necessary riih. r ,0 .hilt tlu- C-.(i. murh •'—
'-' IV''^!;"

,1!;'

assumes! position' or to in. .caM- th. tad ->!''-- ;--'''''-^»'»'>>''.

xvhich uavo satisfa.lorv Mah.litv on hiplanr.. Mu.r arc -;';,,
arcouni for ihis mvstrrious in^tahilitv ol ihr numoplanr, • ' ' 'V ;,

I propose to <Kal with somr of the major rawsrs. but 1
am •^•>\";

,

H.Vct> nunti,MU-d ar. thr onlv on... Th.- ...n.h.s.ons «>'''2 ;'
;

carrfnl anaK->i. ol wind tunnel t.Ms uiih a t
w.n-m^^nu.l nmnopi..

taper ratio of about 4: i and a tail \olnin.- ol 0.55.
, ^ in-«;'

I-itr II shows a t\pieal pit< bin- nionu nl 4!iaL:rain loi a -

ane." The resullin^;- pilrbini; moment ha. Im. n r....K.<l mt.> >'i

P>

Admitted November 24, 19C0.
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vs. Maurice A. Garhell, Inc. 911

DEFENDANTS' EXHIBIT XX

District Court of the United States, Southern

District of California, Central Division

Civil Action No. 10930-Y

MAURICE A. GARBELL, INC., a California

Corporation, and GARBELL RESEARCH
FOUNDATION, a California Corporation,

Plaintiffs,

vs.

CONSOLIDATED VULTEE AIRCRAFT COR-

PORATION, a Delaware Corporation, and

AMERICAN AIR LINES, INC., a Delaware

Corporation,

Defendants.

STIPULATION #4

It is hereby stipulated subject to proof of error

that the appended "Exhibit 22" is a reproduction

of pages 604 to 613 of a printed publication "Luft-

fahrforshung" containing an article entitled "EUip-

tische Autriebsverteiling durch Verwindung und

Profilanderung" published and issued by Z.W.B.

in Berlin, Germany, in the year 1937 and that "Ex-

hibit 22a" is a translation of said article (subject

to correction if any error is contained therein), and

that said "Exhibit 22a" may be used in evidence

with the same force and effect as an original, sub-

ject to any objection which may be made thereto as



I
912 Consol. Vidtee Aircraft Corp., etc.

irrelevant or immaterial when offered in evidence
viz:

LYON & LYON,
/s/ FREDERICK W. LYON,

Attorneys for Plaintiffs.

/s/ ROBERT B. WATTS,
/s/ FRED GERLACH,

Attorneys for Defendants.
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Thesis, lec/inLcal University, Ferl in.
)

qtraf't

/^,n examination is made ol' the methods h;- whioh eliLpt;.cal lirt

'tr'ltntion c&n t' e attained st.'ftnwLse by twist and profile variation,

tni." Ticsans ^-1- riow re-.i-atlon (or birrlinr) occurs at tne win^r t.,s
'

ter tnan in the center of the wing.

.•,Uii)t.ica3 I ] rt c^str'c: tLon t-^lves tnt? -.-aL^ilent Lnduced dra^- [']•''

(. Ir.e n^Jinhfci\H .Ci-v-jn n r^ r-'i^^kc-ts reier to "neTei-cnccs '", Section IX.)

Latei'ai stai ilit^ ^s pua -jintecd even at st;ilJ , by the dv:;^a>ed

par.if. ;n of t :u: rio^U' ^t t:ic v inf ti. s wher^L^ trje UMng-,-r of spin ["
]

rsc . ^^.d

,

Tr.f. t r*a:^e -.n Ld.': ] w inp has a simple i.lanforu".. HLcrh]y tapc-r-ed

'^:,.croida.l wirifw- nave especially greater de;th at. tne root. Ihcrf:!'., ,

e stif'nesr. is fln-reased (sinf'ularly favci-ablc \' >v vtng virivitl^n
)

ici i:ie vei^ht, :s redar^jd. Ihis const rin.t .on .
t.: -m l.t.s t,bc- .iset'^i] Iv.d

»

I.nr ,]aced in i h^^ center of the vinp.

Contt^nts

r' inda.-^ienta Is of Mrfo LI 1 awory

F.ich':; 5o1j1 on

A.'):'i-..>x-i-ruj tion ol" tne A^n-j Cont')ui-

-alc'jlalon of Tvlst roi- ^^m ..il^ptica. Liit DistrK ution

1

.

>.n'^ ] ^. 1 1 c a 1 Sol .
.
t L ^ n

:^. Gra'.-n.ca] Solution
.. Coni^a:'Lf-c:i of t;ie An-ii^tical anu Ora/h..;al So.ition:.

L Bi-sc j:- si.:;n oi the i^esultr froralWL.sl

. Dctv.!".;inat :.on or t.tje An^^le of Attack to vr '.cn^ thc^ .•h^.n^?^.rl :i/r.-Kj-

cci'ics. .inaf3 r^i- an r:llipti<;al L.^ft Di'itr'v: -it- -^ '>•

. Co. -; ^r^^^'^t^ Diotribution and tiie InflJen'-o ot Ca

. i" I'o ri. 1 o- S r, t. e M-a tics
ggIBfT-a?^t

—

<S_V7
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Graphical Methods for th« Detorminatlon of the Distribution of
the Anglo of Attack
Analytical. Tost of the Lift Distribution i^nd the Incr-cas© .n

Induced Drag

)fflpari3on of a Non-Tviated n-lliptical Airfoil and tho Trapezoidal

lug vith Tvist and Chanf^e in Profile.

Induced Drag
Plow Separation, Lateral Stability and Lift Loss

!
Comparison vith lixperimental Kasults Formerly Obtained

rfi3t for Any Lift Distribution

annua ry •

eferences

ppendix •

*

^

I. Fundamentals of Ai rfoil Theory

ha Lift of a portion of a wing of infinite span, having the

dx , is given by Kutta-Joukovski ' s Circulation Theorem

JA -- P^ooru)Jx (1)

/> c the air density

Voo » tne stream velocity at infi.nity .

f^y) » the circulation at the point X .

Fracticall: , the lift La calculated by tne formula:

x> ^ the valu<? of the lift (detern xn.-id

^A ^ experimentally) at the point X.

'i{^) - ^^® ^^S chord at the point x •

A comparison of equations (1) and (2) gives:
'

The circulation f ^s proportional to tho product of C a '^^'^ '^ ^ c(

roportional to the angle of attack, OC ,
relative to the axis of

lift.

(O

(M





-'^- vV

c - = 4^a = -r-^ CC
croc

rculatlon distribution for a yinr, of infinite span i^ directly

tional to the angle of attack and the wing chord.

e lift distribution for airfoils of finite sj.an is calcalated bv

l»a Method [2]. The circulation is her* no longer proportional

geometrical but to the effective angle of attack, CK . The

once between the geometrical angle of attack, 0C« and the off ec live,

s the induced angle of attack, ocj

r^.^^'M^ _L_ V'-i iT. d^ (.^

T6 is the point at which the indffced angle of attack is calculHlod .

^s the abscissa, variable over the span.
_
;ihe efrectiva angle ol'

(,c thus is then:

ubstltution of o6e ^'^ equations (3) and Ct) gives:

rCx) « T c;^ Co^j -, oc
. ) i U) r^ ( -

)

Lth reference to er.uation (L;) /- ^T . v. -i

See, Fuchs-Hopf-Seewald: Aerodynamics'' Vol. II, Chapter V, pp. i:v:-l(0)

irculation is determined spanvlse by this integral equation when

Ing contour and the distribution of the angle of attack are given.

II. Fuchs • Solution [l]

quation (7) was solved by Betz [4] by means of a power series, by

rt [6] and Lotz [5] by means of a Fourier Series, by Fuchs [l] b>

of a, trigonometrical pol:/nomial9' and graphically by Lip->xsch [7J
•

n Fuchs' method the airfoil contour is approximated as wei:^ as

bid by the fewest pos'sible members of a trigonometric polynomial

practical wing model, the api^roximate contour possesses tncrobj

h leading and trailing edges, aa well as rounded ving tiis. Ihlr,

•Jvantageous compared to the zi'^zag sinusoidal wLnp t^dpes lor the





xLmatlon of the contour hy other methods.

uatlon (7) ts simplified hy the introduction of new variables:

if and 1/>^ vary from to TT , when X and % var^ from ( - -^ ) tc

); furthermore p^^^ ^ 2y^^&f^).

L "J
T rrj^ clY co,^r. CCS f] '

^^^

ontour function ^(ijP)is an odd sine function with odd membors, if

Irfoll is symmetrical about the center, y- -o~ , and decrek3e^^

•ds the wing tips. '

arly for the circulation

relation transforms (8) Into:

he geometrical angle of attack, Oia, is represented in the
* • •

*al case by :

0L^((^)- ^t,'^Oi2CO<^2^ ^OL^. co^UCp-^ (10)

is symmetrical about the wing center and decreases towards the^ wing

he evaluation of the coefficients 0, ^Cf\ .'i according to equation (9)

9 the minus sigji Is valid as long asJ^^JC^nd pluj if ^ > fc , so

one takes: /A.^^ r -^JU^i^ /6^^ •=: -/^3

lis way:





~J

ni7

*'SG,-^3(M-i, -hM^i) 6-3. 4 [l •*• 5-(m, 4>M., ^A.5) <S-j .. 5^

S,=0C,/i,+9^(^, _^,)4-0^('^5-/^,)

he. approximation of tho contour givas us 14.. ^* ..'.Aii^ y ^^o

rxlmation of the twistO^^^O^^ . ..
. Q^iX' ^® ^^^« therewith ( j^ y- 1 )

3 ions for th,e calculation of the ( (^ 4 y ) unknown of the lii't function

3.... &2t4/*
"^^^^^^'--^^ ^(^)^GC(PXxj((P%rfi rapidly convergent f | ] .

he calculation of the lift, it is, in general sufficient to

ximate three tenna each for^/yvandO^o ((pj in order to solve for

hreo unknowns (xf G"^ O'^ from the three linear equations.

onversely , for a given lift distribution GCvyand a given wing

ur/X/(<)^/ the twist OCj (<^y can easily be calculated. Fuchs treats-

roblem: How must the airfoil be twisted for an elliptical lift

ibutlon?

n this work Fuchi * proposal is further developed and, indeed that

low separates at the tips later than in the center is considered.

'or the solutidn of the proposed problem, a series of assumed

zoldal airfoils is investigated, in which the wing contour is

xtmated by several members of a trigonometric polynomial and the

calculated thereby' compared with the desired condition.

n this work is given a method according to which all such

>xlmations can easily be performed graphically.

III. Approximation (^ the Vih^ Contour y'J^





-b- niH

Iha contour function:

y.(0 ^ M-y %\n(f> 4.>U3 S'l^ ICP -tMs Sin BCp

kCCpy- t,%mCf '^t^%\v^lcjf 4- i^<^l^ Sep

. hereby wanted so that 't(^ accurately defines the airfoil surface

d represents as far as possible an experimental wing contour.

The first coefficient /^, or Zf Is given analytically by the condition

the equality of the surfaces:

^> irb ^
/t

'*^'
' ITT ^' ¥7r \^ ' f ^

The members of higher order are without influence on the surface

['ca; they are a function only of the chord distribution. They are

aphically determined.

The half span is obtained from the abscissa, the wln^ chord from

le ordinate (See Api^endix, Fig. 1).

e semi -span is subdivided in the cosine of the angle varying by

iiti3 of 10*-*. The cosine division is obtained quickly and accurately

^ a quarter-circle with radius T * r* is drawn below the figure, the

larter circle is divided into nine equal j^arts and from the parts

Dtained in this way, perpendiculars are dropped cn-to the base. It

recommended that the scale of the diagram be chosen so that y

3 approximately 20 to 30 C/tf^-

The cos ',ne division of the abscissa is ijlotted twice on tranapnr-ent

aper. The ellipse

s dr«wn ovdr one of the cosine divisions. The functicn

s superimposed In this ellipse for various t^ 5 - H ts sufflr.ent

n most cases to put : .
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r- * ±0.05 , ± O.'O, ^ OlS^ ± o.lO ^ ± 0.2S

e Appendix, Fig. 2)
;

ihe transparent paper is then laid on the figure on vhich the actual

)rd is plotted and one judges which curve u or which "tjbost

responds to the actual airfoil contour. The first approximation of

|) is determined suff Icientli' accurate by interpolation of the

iividual curves:
,

^ a 00 J.

3 curve

u ^i, ilngP + U ill ^(f

plotted on the other cosine division where Cj corresponds ' to the

lue just found b\ interpolation. • The function

plotted over this curve for different i^ ' S . It Is sufficient to

ot:
^ir.̂ ± 0,o2S^ :k 0,050 ^ ± 0075 ,

±r OJOO

ce Appendix, Flf. "^

)

^ -K . 1: On the T x^a.^e.^nidal i{/jti.r.

inls transparent i)aper Is now laid over the figure on which the

Jtual wing chord Is plott «a[ and on« judges which curve ij or t^

rrasponds best with the actual outline:

Ihe values of tj
^

, if ^ , y_^
h re obtained .m.ckl:, arid accurate!. Ln

rawing circles aboat a point with radii t, , t -^ , ^5 ^^^
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jiculars at c*vor:y 10^. Firstly, it can be oBtatlinhcd for the

tlon of t r if this first approximation for i^ vaa well chosen,

tne process mu«t be repeated, i.e. i -^
and -t^- are again

•

ed. As the actual ving contour can b© scrntLnlzed each time

If the first approximation is as good as the former. It is

Bufficiont practically if only the first three members of the

lomotric series are used.

i' the present work,. 26 trapezoidal airfoils with the same area, the

ratio of sides (VI * 5 ) but different trapezoidal ratios yere

.tigated. (see Appendix, Table 1 examples for that purpose,

5dix, Pigs. ^ to 8)

rapezoidal ratio. Fig. 1.

^£1 ^ '^ 0.2 ; 0.^; 0^(p
i
0,t '',

I

he dimensio^Tess coefficients,/^, .A-^.>^^ of the coatour f^mctK

inversely proportional to the ratio of the sides A .
For other

,s of the sides, >a, , A3 end /X.3 must change correspondingly.

IV. nalculation^f Twist for.an^ni^cal_.LifL.gAl^^iiHt^

The twist functibn

be found.

The contour functions

th, condition, that th, clrculatloa dlstributton shall be elliptical,

Caoo - constant spanwise

given.

>7





_o_ •'L< J.

/

Ana 1 J t i c a 1 Sola 14 on

ir, In equation (1?) ,

Dstltuted, then

tal.ned. Ttio solution uf tne ee^uations ^ives :

i_

the numerical values for /^z f J^3 » M^S ^^® introduced into thepe

ona, it is shown that 9 is much larger than P » P ^3 much larger than

rLesOC<»t(jt'^convcr^^es very rapidly, so that CX QVyVi-s determined

ituntli accurately by three terms. Ihe twist sought is then:

'!^*k yh^^l rfr^-' ^f-i. T^, fe, -£/>}'-"«']

e geometrical angle of attack is composed of two parts, the

d angle of attack Co, /- »

is constant spanwise, and the effective angle Of attack which is

'le spanwise but vhir-h is everywhere proportional to
• v^
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c

&. . ^?^/A , C_
> «- ^7^ '' oc, ell/p^.f/.

La- moreover, the constant lift coefficient, vhich correpponda with

llipticai airfoil contour,CXl^
/l® 4.^r/®

aocompan:/ Ing constant oifoctlve

of attack, then

he twist function is celcalatod for the airfoils examined for

I

h % ' r^ ^ZnO>%yi* ^^® numerical values of the calculations are

in Tft^'i« i ^^ ^^® appendix; for that purpose, Fig. 4 to 8 of the

idlx are drawn as examples.

I, GrapMxaJl_So.l"^tion

-quatlon (9) is transfomied into:
,

an el]lptical d Lstrlt ution : 6-3, ^ Cr^ « , / ... **

islUptical Ml.n^B, the effective angle of attack is

(16)

<x,r(^)-o^; ^a, ,/;,^.,/.^^ ^, ^ ^^^
g.

|-/^^^ ^,,^^
(16a)

'e .. '

"

^efi/M^.^'' --^- = the constant effective angle of attack

' C^^ for elliptical wings.

OC, ^ Z^ -zr {jr - the constant induced angle of attack.

The distribution function of the effective angle of attack is obtained

ILvision of the wing chord of the elliptical airfoil by the

roxlmated wing contour (See, appendix, as example. Fig. 4).
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^. Comparison of the Analytical and Graphica l M^^thoda

Comparison of equations (!•,,) and (l6a) must yield agrocraent

oth distribution functions:

Pop tt special case, namely/, the ellLptical airfoil , i.e .it^ -c yUj- c. Q

s the ecuation to be corrfcct: both sides are unit^ . Ihe curvcH

vist from the graphical procass are aomtjwhat smaller In the c»:;ntcr',

gpaduall;) become larger towards the wing tips than those fro.'n me

^tical procedure. 1 tic greatest deviation between the anal;-, i. L-;c! j

(.graphical methods amoimts to approximately 2% for rectanguliar v .ngs

l6;i for delta wings. It can, therefore, be concluded that the

3hical method is applicable onl\ for rectangular and ellipsoidal

^olls.

k , Disc u^ si on ^f^ the Twist Results .

For elliptical Iv contoured wings, the angle of attack ia

stant spanwise. For trapezoLdel airfoils, with r' taper ratio,^^ -'^

» Appendix, Fig. 9), the angle of attack is the same in the cent^^i'

5t the wing t Lps

.

^m =^ <=^,nJ

I
For all tra, ezoidal airfoUb with a taper rat_o « ^ 'T '

^^'^

le of att.ack increases towards the tips. The:, are useless, '.r.e

ferenca between the angle of attack at the canter <- f tx.e w'n,- .'nd that

tno wino: tip"^ att.r>ins xts greM.e::.t va^ue for d«l t h win -» AOL^ ' -5-
4"

For all trapezoidal airfoils w .th a taper ratio j- > '^ >
^^^'^

le of attack decreases towards the tips. Ihe;, are useiul. 'Ihe

ferenc© tetween the angle of attack at the cc^nter and that -it tnc

a becomes a maxiraam for i-ectangular airfoilt?, I\0C^= Lc
Comparison with an elliptical \ ' ng give.- a goca ai,'ra;.sal ..: the

mw.se dlst r:t :.tion of twist. Wherever the chord ol a trape^.oxU".
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5 greater than that of an ollxptical (wing), the nngle of attack

Ller and convorsely.

II mathematical condition therefor, that tho an^^lo of attack d^-cretiFtg

lically towards the wing tips is:

1 our case, *

the aspect ratio /\ increases, the geometrical angle of attack, Qd- a.

C
y)/iA , decreases for the induced angle of attack, o6, > -^ , distritutei

ly spanwise. Is invjijrsely proportional to A , and the effective

Bof attack

OL
<3U

Hm..(p)

,9pendent of /\ . The taper ratio —-? ^ Jz ^^^6^ :?0C^J, is thus

for all trapezoidal wings haveing equal wing area and different

Pig. 2
I the Influence of Ca

Fig. :>

On the Influence of L^.

Dete rmination of the Angle of Attack wh_ich_Corre s pond s to the

Change JnTTrofile for~ a ellipt i cal LTfl TC str^J^ution

^* Cq Spanwise DistributLon and the influence o^f CcL -

Prom the condition that the lift C^^'i shall be elliptical

Mt, a definite course of Ca, ^^ given for each distribution of

sickness, -b
^

'
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J
is thw angle of zero lift C^ is practicall;/ e ,ual and conriant

ill profiles,

mav vary In three vays. .

One and the same profile Is retained over the whole span and

the angle of attack is varied so that a definite angle of attack

belongs to one value of C^ and conversely

This problem corresponds to the twist In Chapter V. For

a given distribution of, Co. * the distribution of the angle of

attack is determined xiniquely.

b. The same angle of attack is retained along the entire span

and the profile varied. Fig. 2, so that a different value of

A^ corresponds to the same angle of attack,' i.e. profiles

with different zero lift angles ^ are available in practice.

Ihereby, a spanwise distribution of the angle of attack is

arbitrarily given, and the profile sougnt, in order to obtain

a definite distribution of Q^ .^

c. The angle of attack and profile are both varied (Figure 3).

Thersby, a distribution of C^ i-« g^^®^ *^^ ^^*» profile and angle

of attack are to be founci, .
The latter two belong to changes in

profile T9].

2. Profile S^stematics

A profile [11, 12
J is characterized by the magnitude and

tion of the Viamber and the thickness ratio J- • "^^^ greater the

ber.i- , the greater becomes the zero lift angle^and the maximum

t coefficient. C^^^^ The farther the maximum camber line lies

rwards, the farther* to the rear is the center 'of pressure.



^1



J^ti

• . .. • i,

\. -1^-

^Iji greitt#r the thioknass ratio, "^ , th© seller i» -^^^

|M|'liiecimum value of the lift coi'ffipient,^^ ^^^ncreaaee at first with

iie ^thickness ratio, reaches a maxlmuto at approximately 'T'*^,/2and

hen decreases again, where* Jfc^ig. 4) -
,,, , _

A the angle of zero lift; OC the angle of attack *

0^. the angle of attack referred to th# axis of zero lif4^

3 . Orftphicaj. Method for the jj.'Valuatioii of the Distribution of the

Angle of Attack

Olyen the spanwiae distribution of C^ aad the condition

that the aagl« of attack as veil as the thickness ratio must decrease

toiards the ving tips.

^1 . The profiles and the geometrical angle of attack at eachi

position are to bo found.

Fig. ^: On Profile Systems tics

The greater the zero lift angle of a profile, the smaller is the

angle of attack which is due to a definite value of Ca ^^^ ^^® ^^*^

is the danger of flow separation. It Is recominendable that the angle

or zero lift of the profile blu sa largo as possible at the wing^ti.s,

i.e. ^n practice the camber of the profile shall be proportionally

*

large at the wing tips.

It is sufficient here if the profiles and angles of attack are

evaluated at five stations of the semi-wing. The value of Cu Is

calculated, the profile chosen, the effective angle of attack read off
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-^)curv©, the iaduced finple of flttflck,Od;r —^ r-uiculatei^ end

r th« geometrical angle of attack, OCo'(X.^ (X , obtained. (See

>
10 to 12, Numerical Table 2).

)r the determination of the range of the angle of attack up to flow

ion for different locations of the wing, the profiles «re laottod on

m geometrical angle of attack by^ a point in Figure 12 Appendix, on

Lhe profiles ere adjusted for fast flight.
. Up t:o C^ ^^^the NACA 0021

5 has a much smaller range of the angle of attack in the center of the

lan NACA 6409 profile has at "the wing tips. In consequence the flow

'tes first in the center of the wing, then gradually outwards to the tlfi?.

special case is where the ( rofilea are to be found for a given

bution of the angle of attack, e.g. for a distribution of the angle of

:
decroaslnp" linearly from the wing center to the tips. For a value

and for an effective angle of attack, a definite point. In the C^»/(pc)

can be measured. By Interpolation, the profile oan be determiJTid, Fig. b»

y this method, an elliptical lift distribution can be attained for

apozoidal wJjigs, for the difference in the angle of attack between

Jig center and the tips can be made.

Example

X s

ited NACA profile
ir -^/^ in percent
of lero lift, /3*

ntis Ratio, l/i A/n. Vo

^ > per degree
i of maximum llft,Q6{:^^^
Ated effective angle
attack, OC^ degrees
llated Induced Angle
Attack, o^r degrees
tpical Angle of
ack, O^y degrees

;' of Angle of Attack
)m the Angle of zero
"t to the Angle of C<j^^

•

(wing )

(Center)

b
'^. 2

(Wing
(Tip )

Comparison
Profile

0021

-0.1
21

2418
2

-1.9
1^

44lt)
4 •

-3.8
13

6412
6

-3.7
12

640Q
6'

-3.9
09

0013

^

13

0.094
17

0.098 0.100
13

0.101
• 13

0.101
13

0.100
17

2.92 0.92 -0.33 -2.19 -2.9

0.913 0.913 0.913 0.913 0.913

3.8^^ 1.833 0.363 -1.277 -1.987

=^^C«^j;?a;:^.Oyaegrees 17-1 l6.^ I8.8 20.7 20.9

rL
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^\^^

Fig. 5: On tho d*termin«itlon of the Diatrlbution of the Anglo

of Attack as great as tha cambers of the profile permit

4 . Mathematical Exaroination of the Lift Distrib ution and of the

Increaiae of Ind^icedl Drag

Two omissions are made in this method.. The distribution of 0^,

L8 talculAted f rom the approximate contour function. The coefficients

jfihe contour function are determined by assuming that the mean value

of:h« selected profiles -y^ is constant spanwise. In reality,

Li5 varv somewhat for different profiles.

For the evaluatron of the lift coefficient and of the angle of

atlck the flow around the wing has been considered as a plane problem.

nally the individual cross-sections mutually influence one another

•

Rce problem)

.

Whether these omissions are permissible will be verified by

:ulatlnp the deviation of the lift distribution from the elliptical

the Increase in the induced drag, which, results from a profile with

can
Joe

under the condition that the lift coefficient be

arLable for the calculated five stations of the winf^.

Exxamijle: Trapezoidal Wing: ^ ^0,15 (jr^-O.^f^ (^^^--0.0/40^

6- * f

•U/l

The IncreTs^e in the induced drag 'compared to the smallest induced

dig is very small.
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VI. Comparison of an Untwis ted Elliptica l Vlng;aiidaj rapezoldfii
Vlng with T wl sT and Profpo Variation.

1. Induced Dra g.
1 1 ——"

—

For elliptlcall:, contoured wings, th^ lift distribution

lllptlcal under all flight conditions. For wings with an^ contour

which an elliptical distribution is attained by twist or profile

ation-, the lift distribution is elliptical under one flight condition

,
generally under rapid flight. In the first case, the increase

ift is ' proportional to r , in the second case, proportional to^- S-^**
,

over, the C^^. values (19) and the corresponding increase of the

e of attack are ascertained. The lift distribution and the Increase

.nduced drag are then calculated. It became evident that the

i(''9ase in the induced drag is less than one percent (1?.), in general.

'•'ii for C<j . on accoimt of this deviation of the lift distribution

} the elliptical. The smaller the trapezoid .ratio, the more

vopable are the relations.

2

.

Flow Separation, Lateral Stability and Distribution Loss

For an elliptical wing with constant angle of attack

iwlse, the flow separates almost simultaneously at all points, i.e..
«

profiles attain their maximum lift values simultaneously . Lateral

jllity at stall is poor. *

*^A- trapezoidal ving with an angle of attack decreasing from the wing

Ler to the tips has only one place in the center where the flow

irttes first and a C^x^^y value appears. Not every profile attains

aaximura ^ift coefficient, because the total lift is smaller for a

pezoidal wing than for an elliptical wing with the same wing area^

3. Coapari'son with Former Experimental Resu lts. '

• C. B. Milliican [ 12J has experimentally established that

w separation occurs for a rectangular wing first in the center of the

S, for a trapezoidal wing first at th« tips, moreover invariably

thf rear edge. Pr^ndtl [l^"] previously found the same results.
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v^

tho ca»e of elliptical wings the flov has to separate every vhero

jltMWOnsly, but Prandtl showed in his experiments that the flow

urates first at the tips. Irving [l^J tested trapezoidal wlnps

-1 straight leading and trailing edges../it was shown that the flow

irates in the case of a trapezoidal wing, in the center of the

7; having a atraight leading edga and in the rear third of the wing

:ng a straight trailing edgV^ Huebner [lyj calculated theoretically

t the loss in lift for a conventional trapezoidal wing with a const^jit

file Is approximately one percent (If) cbrapared to ^mi elliptical winr^

9qual area., A. E. Lombard ^^^J established, in wind tunnel lests.

t the flow for a strongly tapered trapezoidal wing, having a tip profile

i'irgt Cdff^^Jf^^^^f separates first in the center. £ven in flight,

obsfcrvvid that the stability is satisfactory. I. H Crowe
f 1^1

firmed that a twist of 8° is sufficient to prevent premature separation

tha flow at the wing* tips. Large values improve the stabilit;;, but

reases the profile drag too much.

From the experimental results it appears:'* ^
1.' That the flow separation af the wing tips Is limited not only

.' by the attltuda^' of an individual cross-section but also by

the wing form and the lift distribu"*t'ion altered almultaneouslv'

thereby (See Appendix, Table 3). f

2. That for the prevention of pireraature flow separation at the ,

wing tips of rectangular wings, no twist is needed compared

to the greater twist of about 6^' to d° for strongly ta^^red

trapezoidal wings.

According, to the results of calculation for an elliptical l.ft

tribution in Chapters IV and V, the twi«t for an approximately

tangular wing amounts to about 2° (See Appendix, Figure 9 -j-* ~ I ) ,

a strongly tapered trapezoidal wing to about o^ (See Ai'i^ndix, F ^Jrtl.
;

Ihe twist is according to the results of calculat uon,- somewhat

ater for a rectangular wing, somewhat smaller for h j^trongly tapered /
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•

lezoldQl wing than that of •xperimental results hitherto obtained.

The twisted rectangular wing is thus more advantageous than the

iBtod.and has therefore more lateral stabilitj'. The flow separation

strongly tapered trapezoidal wings with a change in profile begins

t in the center and proceeds then gradually outwar-ds to the tips

Chapter V, 3). It is influenced by the trapezoidal form, according

hether it is provided with straight leading or trailing edges, as

ng I I3J established experimentally.

The results of calculation for en elliptical lift distribution and

experimentftl results previously reported agree sufficiently well in

e of small deviations.

The. development of the JU-86 wing, reported by A. W. '^uick [19] in

1936 Yearbook of the Lillenthal, Company for Aeronautical Research

n good agreement with my experimental results.

^^^* TVist for an Arbitrary Lift Distribution

If the lift distribution is known and non-elliptical, the

ficients Gtj , &! , and &5 of the 9irculation distribution can

ys be determined by the same graphical method as the coeff ic J»ents

he contour function, "t, , tj.', an^ ^^5 . An arbitrary lift

ribution^has b*en resolved into .o»« elliptical, 6:6<n<jpand two

lift distributions, 6rj <;ini (^and Ct^ ^,f] 5^vhile the integrals:

rhe values of (7-^ »6r\. > ^^^ 6^5 are^ubstituted in equation (12)

thereby three equations in thrae unloiowns 06^ ,06^, and 06^ are

tt obtained.
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VIII. Summary
-t* . I

In the case of a trapezoidal wing with a taper ratio, -r- > J-

[
elliptical distribution with good lateral st.al)illt:,' at stall

ji be obtained by twist or orofile change or both.

For a trapezoidal wing with a taper rat'o, .^ ^ -tr an elliptical

stribution without endangering the lateral stability can be attained

ily by variation in profile or by change in ircfiJe and twist* The

itcral stability is somawhat better for a weakly,- tapered trapezoidal

.ng than for « strongly tapered one.
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aJculation of the Twist Qt\^3'^C

X.

i.

cm

10.18^
Iu.l8t3
10.18::;

10. 18!;

10. 13^
10.l6b
10. Ic^-

10.18-,
io.iH:
lU.lO'
lo.l.^
lu.lco
10.18';
10.13'^
10.] 8-;

10.18s
lo.l8t.^

10.18s
10.18S
10. 16^
10.18V
10.18^
10.18'-
10.18'
10.18'>

10.18s.

cm

-1.308
-1.00
-0.33
1.S4
1.80
2.12

-l.'is
o . so
l.t>0

l.^s
-2.00
-0.80
0. ^1
1.00
1.70

-0.(>
-0.3'.

0.7"

1.7S
2.00
1.30
^.7'

^. Jo
2.^0
2.r

^5

cm

0.4s
0.40
0.4;;,

0.^0

0.1.0

. so
0.4s
0-. so
0.2S

0.20
0.28
•1.00
0.30
0.2s
0.2s
0.30

0.2':

0.^0
. 60

'J. ^.0

0.333
0.333
0.333
0.333
0.333
0.333
0.333
0.333
0.333
0.333
0.333
0.333
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DEFENDANTS' EXHIBIT AAA

District Court of the United States, Southern

District of California, Central Division

Civil Action No. 10930-Y

MAURICE A. GARBELL, INC., a California

Corporation, and GARBELL RESEARCH
FOUNDATION, a California Corporation,

Plaintiffs,

vs.

CONSOLIDATED VULTEE AIRCRAFT COR-
PORATION, a Delaware Corporation, and

AMERICAN AIR LINES, INC., a Delaware

Corporation,

Defendants.

STIPULATION #7

It is hereby stipulated subject to j^roof of error

that the appended are reproductions of printed pub-

lications and that said copies may be used in evi-

dence with the same force and effect as an original,

subject to any objection which may be made thereto

as irrelevant or immaterial, when offered in evi-

dence, viz

:

''Exhibit 31" is a reproduction of page 140 No. 6

issued in the year 1937; "Exhibit 32" is a repro-

duction of page 419 No. 6 issued in the year 1937;

"Exhibit 33" is a reproduction of page 609 No. 22

issued in the year 1937; "Exhibit 34" is a repro-

duction of page 421 No. 16 issued in the year 1938;
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''Exhibit 35" is a reproduction of pages 144 and

145 No. 6 issued in the year 1939.

All are included in a periodical entitled "Flugs-

port" published and issued by "Flugsport" in

Frankfurt, Germany, on said dates, respectively.

Exhibits 31a, 32a, 33a, 34a, 35a are translations

of said articles respectively, subject to correction

if any errors are found.

Attorneys for Plaintiffs.

/s/ ROBERT B. WATTS,
/s/ FRED GERLACH,

Attorneys for Defendants.

Exhibit 35a

Translation of page 144, No. 6—"Flugsport" (1939)

Performances and wing design of the DFS Rei-

her and DFS Weihe gliders were used in the con-

struction of DFS Meise; for the root wing profile,

Go 549 was thickened 16%; in the outboard wing

Go 676 was used.

Illustration #1 shows that this profile is most

suitable for the requirements of a compromise plane.

The Ca region so important for this purpose is

located between 0.6 and 1.4. Profile 549 is referred

to twice in the series of experiments at Goettingen?

As the coefficients disagree considerably, a third

measurement has been undertaken by the DFS in a

new larger tunnel at Goettingen—in illustration #1
marked III. A fourth comparative measurement
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should be based on the coefficients of profile Go 426.

This profile is identical with 549 with a slight

change in thickness. For the purpose of comparison

Profiles Go 532 and Go 535, well known in the con-

struction of gliders as well as NACA 23012 are

noted in the illustration; it was considered desir-

able to mathematically reduce the "Profile Resist-

ance" of all these profiles to the thickness of Pro-

file 549, Illustration I indicates that even if the

most unfavorable units of measurement are used,

the highest Ca is 0.6, Goettingen 549 is the best.

Whether NACA 23012 is better for speed cannot be

decided because of discrepancies in the measure-

ments undertaken by DVL, compared to the meas-

urements undertaken in the 7x10 tunnel and those

in the American super-pressure tunnel. We shall

have to wait for further measurements, possibly

some taken in flight. On the other hand, it is a well-

known fact, that Go 535 is the most favorable solu-

tion for slow flight.

In the outer panel of the wing from 0.6 of the

semi-span Profile Go 676 has been used instead of

549 ; significant for Go 676 is the wide Ca range.

Admitted November 24, 1950.
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DEFENDANTS' EXHIBIT BBB

District Court of the United States, Southern

District of California, Central Division

Civil Action No. 10930-Y

MAURICE A. GARBELL, INC., a California

Corporation, and GARBELL RESEARCH
FOUNDATION, a California, Corporation,

Plaintiffs,

vs.

CONSOLIDATED VULTEE AIRCRAFT COR-
PORATION, A DELAWARE CORPORA-
TION, AND AMERICAN AIR LINES, INC.,

a Delaware Corporation,

Defendants.

STIPULATION #8
It is hereby stipulated subject to proof of error

that the appended "Exhibit 36" is a reproduction

of pages 355 to 356 Vol. XVIII fasc. 3 of a peri-

odical entitled ''L'Aerotecnica" issued and pub-

lished by the Institute Poligrafico Dello Stato in

Rome, Italy, during the year 1938, and that ''Ex-

hibit 36a" is a translation of said article (subject

to correction if any error is contained therein) and
that the said copy and translation may be used in

evidence with the same force and effect as originals,

subject to any objection which may be made thereto

as irrelevant or immaterial, when offered in evi-

dence.

LYON & LYON,
/s/ FREDERICK W. LYON,

Attorneys for Plaintiffs.

/s/ ROBERT B. WATTS,
/s/ FRED GERLACH,

Attorneys for Defendants.
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Exhibit 36a

Translation L'Aerotecnica Vol. XDIII fasc. 3, 1938,

Pages 335 and 336

Figure 8

The^'Asiago"

High Performance Glider (Italian)

Description

:

Wing :

The ''Asiago" has a high wing, of monospar con-

struction, with one streamlined steel strut on each

side. The wing spar is of the box type and made of

laminated fir. The leading edge acts as a second

spar to prevent wing torsion. Airfoils used are:

G535 for the rectangular part of the wing, M6 for

the tapering extremities. Transition from one airfoil

to the other is linear.

The ailerons are rather big. The differential con-

trol has a ratio of 1:2.5. Ball bearings are used

everywhere in the aileron controls. This makes for

an extremely smooth lateral control of the airplane.

Almost all metallic parts are of national duralu-

minum.

To facilitate landings and flight in clouds, two

slotted spoilers are mounted above the wings. With

these open, rate of descent can be increased by

more than 200 ft./min.

Fuselage

:

The front part of the fuselage has a hexagonal

section, rounded at the top, while the rear part is

conical. The fuselage is of the hull type. The cock-
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pit is very comfortable, having been designed for

minimum pilot fatigue in flights of a long dura-

tion. The towing mechanism, which can be used for

either winch launching or actual air towing, can

be released through a small lever. The barograph

is installed close to the pilot's head. The landing

skid is robust and well suspended.

A tennis ball is used to absorb tail skid shocks.

The control stick is mounted on ball bearings.

Empennage

:

Horizontal surfaces are cantilever. The stabilizer

is attached to the fuselage by only fovir bolts. Con-

trols are all inside the hull.

* * *

The "Asiago" has been built for maximum
maneuverability, keeping in mind low cost and ease

of construction. Imported materials represent a

negligible portion of the total, as wide use has been

made of fir, poplar, and dural, all available in Italy.

The "Asiago" has passed the tests of the ''Acro-

batic gliders" category.

Glider "Penguin G.P. 1"

The Penguin G.P. 1 is a glider of high efficiency

built as a project of the Application Center of the

Politechnic Institute, financed by the Institute. Vit-

torio Bonomi, well known glider pilot, and Angelo
Ambrosini, Engineer, have collaborated in its con-

struction.

General characteristics

:

Wing Span 50 ft.

Length 21ft.4in.
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Wing Surface 164 sq. ft.

Aspect ratio 15

Weight Empty 375 lbs.

Useful Load 175 lbs.

Total Weight 550 lbs.

Wing Loading 3.1 Ibs./sq. ft.

Strength Coefficient 9

Minimum Sinking Speed 136 ft./min.

Angle of Descent 1 :25.3

Description

:

Cantilever wing, with diehedral in the center sec-

tion. This insures good stability and unobstructed

visibility in all directions. Monospar wing—Airfoils

G535 for the rectangular part of the wing, NACA
23012 for the tapered extremities. Transition be-

tween the two airfoils is linear. In the immediate

vicinity of the fuselage, airfoil section G535 pro-

gressively becomes an NACA 0015. The transition

is parabolic. The ailerons have a big surface, and

there are two pairs, the outboard ailerons having a

bigger displacement angle. This gives an excellent

lateral control. Aileron control is through double

differentials, ratio 1 :2.5.

Admitted November 24, 1950.
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DEFENDANTS' EXHIBIT CCC

District Court of the United States, Southern

District of California, Central Division

Civil Action No. 10930-Y

MAURICE A. GARBELL, INC., a California

Corporation, and GARBELL RESEARCH
FOUNDATION, a California, Corporation,

Plaintiffs,

vs.

CONSOLIDATED VULTEE AIRCRAFT COR-
PORATION, a Delaware Corporation, and
AMERICAN AIR LINES, INC., a Delaware
Corporation,

Defendants.

STIPULATION #9

It is hereby stipulated subject to proof of error

that the appended are reproductions of printed pub-
lications and that said copies may be used in evi-

dence with the same force and effect as originals,

subject to any objection which may be made thereto

as irrelevant or immaterial, when offered in evi-

dence, viz

;

"Exhibit 37" is a reproduction of page 116 of a
printed text book entitled "Sailplanes" issued and
published by Chapman Hall, Ltd., in London, Eng-
land, during the year 1937; "Exhibit 38" is a re-

production of pages 80-81 from a printed text book
entitled "Flight Without Power" issued and pub-
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lished by Pittman Publisliiiig Corporation in New
York, N. Y., during the year 1940; "Exhibit 39" is

a reproduction of pages 128-129 from a printed

text book entitled "First Plight Principles" issued

and published by the American Technical Society in

Chicago, Illinois, during the year 1941; "Exhibit

40" is a reproduction of page 69 from the printed

text book entitled "Aircraft Design" Vol. 1, issued

and published by Chapman and Hall in London,

England, in the year 1938; "Exhibit 41" is a repro-

duction of pages 68, 69, 74, 75, 78, 79 and 92 of a

publication of the " Flugtechnische Fachgruppe" is-

sued and published by Technischen Hochchule of

Aachen, Germany.

LYON & LYON,
/s/ FREDERICK W. LYON,

Attorneys for Plaintiffs.

/s/ ROBERT B. WATTS,
/s/ FRED OERLACH,

Attorneys for Defendants.
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the L/D ratio at high angles of at-

tack. This is in addition to its struc-

tural advantages which are great. An-

other may be mentioned. Satisfac-

tory controlling effect may be ob-

tained with smaller ailerons when the

thicker sections are used in the wing.

Made possible by the development

of the thick sections, the tapered

wing has lately become very popular

(128)

with designers. There are numerous

reasons for this popularity. Some of

these are structural and some arc aero-

dynamic.

There are four ways in which the

tapered wing may be constructed

The first and simplest of these is the

tapered planform. Fig. 16. In such

a wing, the greatest chord is the root

chord. This lies nearest the fuselage

As the tip is approached, the chord

decreases in length and with it all of

the other dimensions of the section

decrease in like ratio. If, for example,

the chord at the tip is one-half of the

chord at the root, the maximum up-

per ordinate at the tip is one-half of

the maximum upper ordinate at the

root and so on.

Fig. 17 shows another manner in

which a tapered wing may be con-

structed. Here the planform is left

rectangular and the thickness of the

section is decreased as the tip is ap-

proached. The latter method is the

same as multiplying all of the ordi-

nates by some multiplier to obtain the

ordinates for the section at each point

To show what is meant by this we

choose another example. Suppose tl
'

we have already decided the length

the chord. This will remain const,

throughout the span of the wing ."M

the tip we desire to have our wing

only one-half as thick as it is at the

root. We multiply all of the ordi-

nates of the root section by .~> and

the results will be the ordinates of

the tip section To obtain the ordi-

nates of a section midway between

the two. we multiply the ordinate-^

of the root section by .75. There is

thus established a relation between

the location of a secti.m and its ordi

nates. If we desire the ordinates ot J

section that lies midwav between il'^

HE.
39
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m' section already determined and

the root, we seek a number which lies

midway between .75 and 1. Obvi-

ously such a number is .875 and we

obtain the ordinates of the desired sec-

tion by multiplying the ordinates of

the root section by .875. This will

give the ordinates of the desired sec-

tion. Similarly, to find the ordinates

of a section that lies midway between

the mid-section and the lip. we mul-

tiply the root ordinates by a number

midway between .75 and .5 and this

is. of course, .625. In this way we

are able to construct a tapered wing

having a variable section throughout

its length. The section at any point,

however, bears a simple relation to

the section at the root.

There is a third way of taper-

ing a wing that is a combination of

t two mentioned. Fig. 18. Here

the wing is tapered both in planform

and in thickness. Certain advantages

may be claimed for each of these

types of tapered wings. A discussion

of them does not properly come with-

in the scope of this text. The indi-

vidual prejudices of the designer are

in many cases the determining factor

in the selection of the type of taper

used. 1 aper in thickness only is sel-

dom used. Taper in planform is

probably the most popular among
designers.

There is another form of tapered

wing in which the section at any

point bears no simple relation to the

root section. Fig. 19. According to

this method, a section is selected

which gives a satisfactory spar depth

and satisfactory aerodynamic charac-

istics for each point of the wing.

All of the advantages that are pos-

sessed by the thick wing sections are

possessed by the tapered wing. In ad-

(1

dition. there is a great decrease in the
weight of the structure This fol-

lows, because the bending moments
and shearing stresses arc greatest near
the root of the wing, and the tapered

construction allows the wing to be
strongest at the points of greatest

stress. It is an ideal construction for

a monoplane because of the general

cleanness of design that it permits.

The entire wing structure is internal

No external braces arc required and
the parasite drag is diminished by the

amount of the drag of the eliminated

external parts. Some disadvantage

attends, however. The use of such a

construction usually means an in-

crease in structural weight. The ad-

dition of any weight to the structure

diminishes by the same amount the

useful load that the airplane will

carry. This increase in weight, it

must be remembered, applies as com-
pared to airplanes that are constructed

with wings of moderate thickness.

As was mentioned earlier, the tapered

wing, cantilever construction, allows

a decrease in structural weight over

that of the thick wing constant sec-

tion construction. Hence, the thick

sections are suitable only for root sec-

tions and are commonly so used.

Aspect Ratio

See Fig. 20. There is a dimension

of the airfoil that is of considerable

importance in performance. It is not

a dimension of the section but is a

dimension of the wing itself. We are

interested in the effect that the shape

of the wing has upon its characteris-

tics. We are interested for the same

reason that we were interested in the

shape of the section. We desire to

find a shape which will give us the

maximum amount of lift with a min-

imum amount of drag.

29)
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LIFTING SURFACE AND TYPES OF AIRCRAFT

come, to a large extent at least, by giving a twist to the wing,

though theoretically the geometric twist necessary to produce

an elliptical Cl distribution across the span is considerable,

varying from about — 13° for a taper ratio of 2, to — 20° for a

ratio of 5 (the twist should not be uniform, but should increase

progressively towards the tip), and this in turn causes increased

induced drag, the increase for a 20° twist being roughly 10 per

cent, for a ratio of 2-5, and 20 per cent, when the taper ratio is

5. On account of this it is doubtful whether a twist greater

than 3° or 4° should be used, and 2° might be regarded as

a preferable Hmiting figure.

In practice a lesser amount of wash-out than the theoretical

figures given above has been found necessary due to the presence

of a fuselage, or engine nacelles, which have the effect of accelerat-

ing the advent of unstable, or stalled, air-flow over the inner part

of a wing.

A better method of preventing tip-stalling, or one which

may be profitably employed in conjunction with a small degree

of twist, is to increase the camber from root to tip, or at least

over the outer sections of the wing. Alternatively, the aerofoil

section may be graded along the span so that the tip section has

a greater angle of maximum hft, sufhcient wash-out being 1^^*

employed to keep the angle of zero lift constant along the span. 1

Increase of camber results in a greater angular range of hft,*

i.e., from the no-lift angle to the angle for Cl n.ax. the greater

angle of the hitter being made use of for delaying stalling towards

the wing-tips. For taper ratios up to 4, a camber grading of

from, say, 2 per cent, at the root to 5 or 6 per cent, at the tip

is generally >uflicient for satisfactory results.

Aerofoil sections with rearward position of maximum camber,
"•

i.e., behind the one-third cliord position, give better results than

forward camber locations. Rearward shift of the point of

maximum camber over the tip portion of a wing i> likewise

benehcial in this respect.

Another solution to the tip-stalling problem, and again one

that may be used in conjunction with camber variation, !>

provided by suitable grading of the wing thickness over the

outer portion of the span, but avoiding, if possible, the rather

critical region of 12 per cent.*

• See p. 58 (Chap. V).

See pp. ">«> and •!<> (Chap. \ i X ^et- p. <0 (Chap. \ '•
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DEFENDANTS' EXHIBIT GGG

District Court of the United States, Southern

District of California, Central Division

Civil Action No. 10930-Y

MAURICE A. GARBELL, INC., a California

Corporation, and GARBELL RESEARCH
FOUNDATION, a California, Corporation,

Plaintiffs,

vs.

CONSOLIDATED VULTEE AIRCRAFT COR-
PORATION, a Delaware Corporation, and

AMERICAN AIR LINES, INC., a Delaware

Corporation,

Defendants.

STIPULATION #14

It is hereby stipulated subject to proof of error

that the appended ^'Exhibit 128" is a reproduction

of page 5 of the issue of February 5, 1938, of the

printed publication "Le Vie Dell'Aria" containing

an article entitled "Tre nuovi veleggiatori italiani"

published and issued by Editorial Aeronautica in

Milan, Italy, in the year 1938, and that "Exhibit

128a" is a translation of said article (subject to

correction if any error is contained therein), and

that said "Exhibit 128" may be used in evidence

with the same force and effect as an original, sub-

ject to any objection which may be made thereto as
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Defendants' Exhibit GGG— (Continued)

irrelevant or immaterial when offered in evidence,

viz;

LYON & LYON,
/s/ FREDERICK W. LYON,

Attorneys for Plaintiffs.

/s/ FRED GERLACH,
/s/ ROBERT B. WATTS,

Attorneys for Defendants.

Exhibit 128a

Translation from Italian AJM:MS
Three New Italian Gliders

At the Arcore (Monza) Airport, where there took

place the first flights of the one who is today the

first aviator of Italy, there took place a few days

ago the testing of three new gliders constructed dur-

ing the last six months. The collaboration of the

Center of Studies and Experiments for gliding of

the Royal Polytechnical and of the GUF of Milan,

on the one hand, and of the Aeronautica Lombarda,
on the other hand, have resulted, with characteristic

Fascistic rapidity, in a range of gliders which places

Italy at the height of the most progressive coun-

tries, even with respect to gliding. There are not

concerned planes constructed under license with for-

eign designs or copies like some planes which were
made last year, but new models constructed on basis

of the latest inventions and the latest Italian and
foreign experience.

Each one of the three planes represents a stage in



vs. Maurice A. Garhell, Inc. 953

Defendants' Exhibit GGG— (Continued)

the training of glider pilots of high class and in the

sport development of future sport groups.

These are:

1. The ''ASIAGO G.P. 2" designed by Garbell

and Preti of the CW, a glider for thermal soaring

(C and D license).

2. The "ALCIONE B.S. 28" of Bonomi and

Silva (Aeronautica Lombarda), an intermediate

glider for high altitude gliding.

3. The "PINGUINO G.P. 1" of the CW, a

glider of the highest quality with which the college

students of Milan will participate in the contests

during the next season.

As we already announced last October in "Le Vie

dell 'Aria," the manufacturing program of the CW
is greatly assisted by the aeronautical fans Yittorio

Bonomi and Eng. A. Ambrosini. The prototype of

the CW have been built by the shop-workers of the

"Aeronautica Lombarda" and partly in the Cantu

shop which up to the present time has supplied al-

most all the Italian elementary training gliders. At

the same time the "Aeronautica Lombarda" has

started the construction on a mass production basis

of the models of the CW, which has awakened gen-

• eral interest not only among the Italian glider pilots

but also among the foreign pilots and organizations.

Thus the collaboration between the CW, a techni-

cal, scientific and sporting organization par excel-

lence which must not and cannot attend to the mass

production of its models, and the "Aeronautica

Lombarda," a manufacturing plant of vast experi-
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Defendants ' Exhibit GGG—(Continued)

ence, was able to create in a short time these gliders

for which the Italian pilots had been waiting.

The **Asiago G.P. 2" was born at the Aeronauti-

cal Exhibition of Milan. Thousands of visitors

stopped in front of the stand of the RUNA and

were present during the first stage of the assembling

of this glider.

Here are its principal characteristic features:

Wing span 13.70 m. ; length 6.50 m.; surface of

the wings 12.70 m2; aspect ratio 14.8; weight with-

out load 120 kg ; useful load 90 kg ; total weight 210

kg; wing loading 16.5 kg/m2 strength coefficient 9;

minimum velocity of descent 0.80 m. per second;

gliding angle 1 :20.

The wing, of the mono-spar type with torsion-

resisting leading edge, has a single profiled strut.

For the purpose of good aero-dynamic efficiency and
of low sucking speed of descent, there has been se-

lected a comparatively large aspect ratio (14.8).

The ailerons are very large (2.55 m2) and have a

differential motion of a ratio of 1 :2.5. On the upper

side of the wing there is applied the well-known

CVV flap which serves to increase, as may be de-

sired by the pilot, the speed of descent of the appa-

ratus, which is very necessary when landing outside

of the aviation field and for flying into clouds. The
CVV spoilers constitutes a simplified variant of the

Jacobs spoiler (DFS).

The ample fuselage follows in general lines that

of the ''Anfibio Varese" of Rovesti-Mori. It is hex-

agonal (rounded) at the front part, and of rhombus
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sections towards the tail. The pilot's seat is ample

and commodious; it fits the shape of the body thus

reducing to a maximum the fatigue of long flights.

The cables of the pedal pass through the space be-

tween the double wall leaving the pilot's seat en-

tirely free. The control stick is of duraluminum tub-

ing so as not to affect the compass. All the controls

move on ball bearings. Behind the head of the pilot

between the fourth and fifth frames of the fuselage,

there is a box for the recording barometer. Its cover

serves at the same time as hand support. On the

Asiago, the troublesome problem for the rest for

the left hand has been solved. A simple but comfort-

able duraluminum rest finally assures the pilot the

desired rest for his left hand. Near this rest are lo-

cated the levers for the operation of the flaps and

for the releases. The two releases—the open one for

winch launching and the closed one for the air drag

—are simultaneously opened with a single handle.

The horizontal emiDennage is of the cantilever

type and is attached to the fuselage by means of

three bolts, in addition to the inside control bolt.

The rudder is low and of modern lines.

The greatest attention has been given to obtain-

ing ease of operation in the controls, in connection

with which up to the present time, many gliders

used to leave a great deal to be desired. x\s is uni-

versally known, the sensitivity of the elevator of a

glider is equal to, if not superior than, than that of

a motor airplane; the ailerons are already more

inert, but worst of all is the rudder which generally
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has very little effect. In the Asiago, the ailerons

are ver}^ efficient, this being due to selected profiles

(G 535 and NAGA M6) and also due to the aero-

dynamic wing warp. The rudder on the other hand

has been placed behind the elevator in order to in-

crease the arm and therefore the momentum. The

apparatus responds very well to the controls. Some-

one who perhaps exaggerates states that "it is just

like a CR." This arrangement has the advantage

of also avoiding interference between the horizontal

and vertical empennages during spinning, as was

discovered a few months ago by the Zurich scientist

Haller.

The landing members are the following : a stand-

ard front skid and a small tail skid made resilient

by means of a tennis ball.

In the construction of the ''Asiago," considerable

use was made of material produced in Italy (fir,

poplar, duraluminum)

.

The "Aeronautica Lombarda" is now manufac-

turing the "Asiago" on a large production basis

—

which plane, due to its simplicity, can be sold at

comparatively low price—which, in addition to the

surprising flight qualities which are superior to all

the Italian and foreign planes manufactured up to

the present time, will greatly favor its diffusion.

The "Alcione B.S. 28" of Engineer Camilla Silva

is endeavoring to meet the need felt by the schools

for high altitude gliding, which desired a compara-

tively economical plane Avhich still had flying quali-

ties like those of the large gliders in order to im-
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prove the training of pilots who have already com-

pleted their training in the gliding school.

Here are the technical specifications of tliis

glider : wing span 14.50 meters ; length 6.55 meters

;

area of the wings 14 square meters ; aspect ratio 15

;

weight without load 160 kgs ; useful load 85 kgs ; to-

tal weight 245 kgs; wing loading 17.5 kg/m2;

strength coefficient 9; minimum velocity of descent

0.75 m/sec.
;
gliding angle 1:22.

The "Alcione" is provided with a middle wing,

full cantilever, straight, and of a fully tapered plan.

The profiles used are G449, G693, NACA 23012,

NACA 0012.

The entire trailing edge is occupied by movable

surfaces. The inside third forms the camber flaps

controlled by a lever located on the left side of the

pilot. The other 2/3, the '

' ailerons,
'

' are divided into

halves and are controlled with double differential.

In addition to the differential motion between the

right-hand aileron and the left-hand aileron, the

outer aileron has a greater amplitude than the in-

side one and this motion approximates the warp of

the wings of birds, thus improving the transverse

maneuverability.

On the upper side of the wing, there is located

the CVV flap.

The fuselage is of hexagonal section Avith roimded

upper part. The tail surfaces correspond to those of

the Asiago.

In addition to the main skid, there is a small cen-
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tral wheel which facilitates the landing and the

take-off.

* * *

Finally, the "Pinguino G.P. 1" has all the char-

acteristic features of a large glider : middle M wing,

rounded fuselage, very accurate connections. Its con-

struction was made possible by the generosity of the

Royal Polytechnical and of the well-known glider

I^ioneer, Vittorio Bonnomi. Here are its character-

istic features:

Wing span 15.30 meters ; length 6.50 meters ; wing

surface 15.20 square meters ; aspect ratio 15 ; weight

without load 170 kgs. ; useful load 80 kgs. total

weight 250 kgs. ; wing loading 15.2 kg/m2 ; strength

coefficient 9; minimum descending velocity 0.69

m/sec.
;
gliding angle 1 :25.3.

The wing is a full cantilever and has a dihedral

angle of 6° at the central part. The profiles used are

the G 535 and the NACA 23012, with aerodynamic

warping of about 3°. The wing is of the single spar

type. The ailerons are very large and have a

strongly differential control. Also here, the CVV
flaps are not missing.

The fuselage is of ovoid section. Special care was
given to the connection between the wing and the

fuselage.

* * *

The excellent flying qualities of these three new
gliders have been shown by tests carried out on

January 29th and 30th last, at the Arcore Airdrome

by the Engineer, Colonel Nannini and by the In-
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structor Aldo Tavazza, who, with the gliders, car-

ried out some stunts, after having been released

from the tugging plane at a height of 1,000 meters.

There were present at the tests of the new gliders:

Prof. Cassinis, President of the E. De Amicis Study

Center; Engineer Silva of the Aeronautica Lom-

barda for gliding; Instructor Plinio Rovesti of Va-

rese, and Engineer Bracale of the Aeronautic Reg-

istry.

The flight tests have fully confirmed the maneu-

verability and stability of the new gliders and will

soon be followed by soaring tests. It must be noted

that in the afternoon of the 30th, the Pilot Ventu-

rini effected, wdth the "Asiago G.P. 2," a series

of stunts which were perfectly successful in view of

the trim compensation of the glider. The pilot, who

is a holder of a ^'C" flying license and of a first-

grade airplane license, had not up to that time done

any stunt-flying.

MAURIZIO GARBELL.

Caption Under Illustration:

Top: The ''Alcione B.S. 28" taking off under the

pull of the winch. There can be noticed the low

camber flaps.

Bottom: The "Pinguino G.P." in full flight.

Admitted November 24, 1950.
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DEPENDANTS' EXHIBIT HHH

Distrkt Court of the United States, Southern

District of California, Central Division

Civil Action No. 10930-Y

MAURICE A. GARBELL, INC., a California

Corporation, and GARBELL RESEARCH
FOUNDATION, a California, Corporation,

Plaintiffs,

vs.

CONSOLIDATED VULTEE AIRCRAFT COR-
PORATION, a Delaware Corporation, and

AMERICAN AIR LINES, INC., a Delaware

Corporation,

Defendants.

STIPULATION #15

It is hereby stipulated subject to proof of error

that the appended "Exhibit 129" is a reproduction

of pages 58 and 59 of Issue No. 3, February 2, 1938,

of the printed publication ''Flugsport" containing

an article entitled "Leistungssegler 'Pinguino G.P.

1' " published and issued by Plugsport in Frank-

furt, Germany, in 1938, and that ''Exhibit 129a" is

a translation of said article (subject to correction

if any error is contained therein), and that said

"Exhibit 129" may be used in evidence with the

same force and effect as an original, subject to any
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objection which may be made thereto as irrelevant

or immaterial when offered in evidence, viz;

LYON & LYON,
/s/ FREDERICK W. LYON,

Attorneys for Plaintiffs.

/s/ FRED GERLACH,
/s/ ROBERT B. WATTS,

Attorneys for Defendants.

))

Exhibit 129a

Translation from "Flugsport" Feb. 2, 1938

No. 3, p. 58-59

High-Performance Grlider "Pinguino G.P. 1'

The glider was built in the second half of the year

1937 by students of the Milan Technical College,

with financial aid from the College, from the noted

advocate for gliding flight in Italy: Vittorio Bo-

nomi, and from the aircraft industrialist Angelo

Ambrosini. The design for the machine came from

Garbell and Preti, of the CW (Centro Studi ed

Esperienze per il Volo a Vela).

The '

' Pinguino '

' is constructed as a mid-wing can-

tilever with a gull wing. Single-spar construction;

with plywood nose. Profile to the bend, Gottin-

gen 535 ; from here outw- ard it merges linearly into

the NACA 23012 section. At the transition from

the wing to the fuselage the G 535 wing section runs

into the NACA 0015 fuselage profile. Big ailerons;

double differential control, with an angular deflec-
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tion ratio of 1:25. The outer halves of the divided

ailerons are more deflected, whereby a considerable

imiDrovement of their action is obtained. A further

advantage consists in that, during bending of the

wing, no binding of the ailerons occurs. (An old

and typical example of this arrangement is the Rus-

sian long-distance craft "Ant. 25," whose ailerons

are subdivided into four single flaps). For the pur-

pose of increasing the rate of descent at will, two

CVV spoiler flaps are installed on the suction side,

which, in the manner of the braker flaps developed

by DFS (see ''Flugsport" of 1937, page 350), may
be deflected forward on a circular arc, and thereby

leave a gap open between the lower edge of the flap

and the suction side of the wing.

Fuselage of oval cross section, coming to an edge

underneath. Comfortable pilot's seat. Instruments

fastened to the fuselage itself, not to the cowling,

in order that the cowling may not become too heavy,

and possibly hinder rapid emergence when there is

danger. The cowling is held in place by a DFS speed

catch. The release lever simultaneously operates

the open winch hook and DFS tow coupling, which

are prescribed in Italy.

Wing span, 15.3 m; length, 6.5 m; area 15.2 m2;
aspect ratio, 1.15; empty weight, 170 kg; load, 80

kg ; flying weight, 250 kg ; wing loading, 15.2 kg/m2

;

breaking load factor in case A, 9; minimum rate

of descent, 0.69 m/sec. ; maximum drag/lift ratio

1:25.3.

Translated by W. G. Weekley.

Admitted November 24, 1950.
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DEFENDANTS' EXHIBIT III

Distrkt Court of the United States, Southern

District of California, Central Division

Civil Action No. 10930-Y

MAURICE A. GARBELL, INC., a California

Corporation, and GARBELL RESEARCH
FOUNDATION, a California, Corporation,

Plaintiffs,

vs.

CONSOLIDATED VULTEE AIRCRAFT COR-

PORATION, a Delaware Corporation, and

AMERICAN AIR LINES, INC., a Delaware

Corporation,

Defendants.

STIPULATION #16

It is hereby stipulated subject to proof of error

that the appended "Exhibit 130" is a reproduction

of pages 538 and 539 of Issue No. 20 of September

29, 1937, of the printed publication "Flugsport"

published and issued by "Flugsport" in Frankfurt,

Germany, in the year 1937, and that "Exhibit 130a''

is a translation of a i^art of said article (subject to

correction if any error is contained therein), and

that said "Exhibit 130" may be used in evidence

with the same force and effect as an original, sulj-

ject to any objection which may be made thereto as
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irrelevant or immaterial when offered in evidence,

viz;

LYON & LYON,
/s/ FREDERICK W. LYON,

Attorneys for Plaintiffs.

/s/ FRED GERLACH,
/s/ ROBERT B. WATTS,

Attorneys for Defendants.

Exhibit 130a

Translation from ''Flugsport" No. 20

Sept. 29, 1937, p. 538-9

The "Centro Studi ed Esperience per il Volo a

Vela" (Testing Station for Gliding Flight) of the

Milan Royal Technical College exhibits the con-

struction of the training glider "Asiago G.P. 2"

on the stand of the National Royal Aeronautical

Club.

The machine is the result of experience in the

Asiago Glider School, and is intended for training

in thermal current and cloud flying. The designers

Garbell and Preti also made use of their experience

with the "Grunau-Baby" of the Polish Komar, and
with the ''H 17." As respects cloud flight, the ma-
chine has a load factor of 9, and air brakes on the

upper side of the wing.

Profiles G 535 and M 6, with gradual transition.

Most of the covering is pure Italian dural. In addi-

tion, all weak points that may be stressed use pop-

ular plywood instead of northern birch plywood.

The fuselage is hexagonal in front, with a rounded
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cowling, and merges behind into a rectangular sec-

tion.

Wing sj^an, 13.7 ni; length, 6.5 m; area, 12.7 m2;

aspect ratio, 1:14.8; empty weight, 120 kg; flying

weight, 210 kg; wing loading 16.5 kg/m2; drag/lift

ratio, 1 :20 ; rate of descent, 80 cm/sec.

The ''Pinguino G.P. 1" machine built last sum-

mer by the same designers, and which belongs to the

Sperber class, could not be exhibited for lack of

space. This machine was built merely for study, and

will therefore not go into production. Directly after

the exhibition, this machine, which has an interest-

ing choice of profiles (NACA 0015, G 535, NACA
23012), will be subjected to thorough tests at the

Sezze-Littoria (Agro Pontino) fields.

In our next number, we shall report in detail

about the Aeronautica Lombardia, the successor to

Aeronautica Bonomi, company's mid-wing "Alcione

B.S. 28" designed by Silva.

Translated by W. G. Weekley.

Admitted November 24, 1950.
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DEFENDANTS' EXHIBIT JJJ

District Court of the United States, Southern

District of California, Central Division

Civil Action No. 10930-Y

MAURICE A. GARBELL, INC., a California

Corporation, and GARBELL RESEARCH
FOUNDATION, a California, Corporation,

Plaintiffs,

vs.

CONSOLIDATED VULTEE AIRCRAFT COR-
PORATION, a Delaware Corporation, and

AMERICAN AIR LINES, INC., a Delaware

Corporation,

Defendants.

STIPULATION #17

It is hereby stipulated subject to proof of error

that the appended "Exhibit 131" is a reproduction

of page 5 of the Issue of October 16, 1937, of the

printed publication ''Le Vie Dell'Aria" published

and issued by Editorial Aeronautica in Milan, Italy,

and that "Exhibit 131a" is a translation of the ar-

ticle "II Volo A Vela" (subject to correction if any

error is contained therein), and that said "Exhibit

131" may be used in evidence with same force and
effect as an original, subject to any objection which

may be made thereto as irrelevant or immaterial

when offered in evidence, viz;

LYON & LYON,
/s/ FREDERICK W. LYON,

Attorneys for Plaintiffs.
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/s/ FRED GERLACH,
/s/ ROBERT B. WATTS,

Attorneys for Defendants.

Exhibit 131a

Translation from Italian WB :FG

At the Milan Salon

Gliding

While at the first Aeronautical Salon of Milan

gliding occupied a very modest position, at the re-

cent Salon it has assumed the position and impor-

tance due it.

In accordance with the very great value attributed

to gliding by the Germans, the German representa-

tive made a large contribution to this exhibition.

The Minister of Aeronautics of Berlin presented at

different stands, the technical and sporting results

of his organizations. The N.S.F.K. (National So-

cialist Flying Corps) showed by various graphs,

models, etc., their work in the field of gliding and

aeronautical craftsmanship : about 20 regular glid-

ing schools, about 200 gliding groups and a large

number of schools in aeronautical construction are

preparing future pilots and skilled workers for the

Air Force and civilian aviation.

Among the gliding schools, there are some which

give excellent instruction in blind flying, instrument

navigation and aerobatics. The records attained by

German gliding are: 41 hours flight, 4650 meters

altitude and 504 kilometers distance. These figures

confirm, even numerically, the great stage of devel-

opment obtained by this branch of aeronautics.
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The DUL Institute for aeronautical researcli is

exhibiting a vertical wind tunnel for spinning tests

constructed by the DFS (German Glider Research

Institute).

The DFS is exhibiting, in its own stands, ex-

tremely interesting scientific material. In addition

to the diagrams and photographs on weather study,

which have been of such vital importance in the his-

tory of gliding, the DFS is exhibiting its own two

aerodynamic smoke tunnels. By introducing into

the current of air, thin smoke filaments, an attempt

is made to study the very minute aerodynamic prob-

lems which ordinary aerodynamics cannot solve. In

particular, the action due to the moving parts of the

wing, such as flaps, flip increasors, air brakes, etc.,

can be evaluated with clearer precision. The DFS
has developed, under the supervision of Alessandro

Lippisch, two types of smoke tunnels, one economi-

cal, low priced type for elementary demonstration

purposes for glider schools and a more involved

type for scientific investigation. Particularly the

second type has found great appreciation on the

part of the representatives of the leading Italian

scientific institutions.

The same Institute is also exhibiting a series of

models of the main planes created by Engineers

Lippisch and Jacobs.

The German glider industry has sent two of its

best representatives, Hirth and Schweper. Hirth

has brought to the exhibit his new two-seater Mini-

moa 2, a real masterpiece of precision and design.

The Minimoa Goppingen 3, the Goppingen 4, a two-
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seater with the seats arranged alongside each other

for instruction purposes, and finally the Wolf, one

of which is being tested at present at the glider

school established at Sezze by the R.U.N.A., are also

extremely interestmg.

Schweyer however is exhibiting one of its most

characteristic constructions, the "Habicht" plane

for aerobatics, designed by Jacobs of the DFS. Of

a structure similar to the Rhonsperber, which plane

is designed for a speed officially measured at 400

kilometers per hour ; however, piloted by the
'

' Com-

mander of Glider Pilots," Hanna Reitsch, it has

already repeatedly obtained speeds of more than

450 km. per hour. Its amazing ease of handling

makes it possible to effect practically any stunt

maneuver. The Italian Olympic squadron had an

opportunity to see, in Berlin, the stunts of Hannah,

among them front loops with two barrels while

ascending, etc. The glider which was finally acquired

also by the French champion. Marcel Thoret, is of

beautiful mechanical and structural design. Also

the flap mechanism, the ailerons, rudders and ele-

vators are of a perfection rarely found in aero-

nautical construction, but rather found in optical

and electrical apparatus.

The Habicht, together with the famous "slow''

airplane Storch, had already the very high honor

of being thoroughly inspected by the Duce during

his stay in Germany at the Rechlin Camp.

Schweyer also exhibits the usual models of planes

constructed by it, such as the two-seater Kranich,



970 Coyisol. Vultee Aircraft Corp., etc.

Defendants' Exhibit JJJ— (Continued)

the Rhonsperber and a few other types of lesser

importance.

To this group of German exhibitors, rich in more
than 15 years of experience, there is added a small

but courageous Italian representation.

The Aeronautica Lombarda (formerly the Aero-

nautica Vittorio Bonomi) presents the BS 28 de-

signed by Engineer Silva. There is concerned a

glider with middle wing of 14.50 meters wing spar

and an aspect ratio of 15 meters. Through a spe-

cial selection of the profiles (G. 449, G. 693, NACA
23012 and NACA 0012) there has been obtained a

very fine wing and at the same time a wing suJBfi-

ciently rigid and light in weight. Along the trailing

edges of the wing, camber flaps and the four ailerons

follow each other. The ailerons are actuated by
means of a special differential control so as to

assure a greater amplitude of motion the outer

ailerons than of the inner ailerons, thus obtaining

a greater ease of handling. Also, the differential

ratio between the two pairs of ailerons is rather

high and reaches a value of 1 :2.5. The plane is pro-

vided with flaps. The cabin is designed with special

regard to visibility in all directions. As landing

members there have been installed a skid and a

single wheel undercarriage. The cowling covers not

only the cockpit but also the junction of the wings.

Upon removing same, everything is uncovered,

which greatly facilitates the assembling of the plane.

The wings are connected with each other by means
of connections of duraluminum, while the fuselage

is connected by means of only four bolts inasmuch
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as it does not have to support any bending force. In

general, practically all the metal parts are of dura-

luminum. In all the points where the stresses are

less, use is made of poplar plywood instead of birch

plywood, and poplar and fir are used instead of

spruce.

The Center for Gliding Studies and Experiments

of the Royal Polytechnical is exhibiting at the stand

kindly placed at its disposal by the R.U.N.A., a

model shop, which, constructed during the period

of the exhibition, the model of the "Asiago" glider

the design for which had been made by the Milanese

students, Preti and Garbell.

This Center organized in 1934 by the late Libe-

rato De Amici was able, with the assistance of the

Royal Polytechnical, to gradually develop during

the last two years. The interest taken in same by

Knight Commander Bonomi and by Engineer Amo-

rosini and also the assistance of the aeronautical

authorities have made it possible to continuously

increase the work. Thus the meteorological section

was able to organize, in agreement with the Minis-

try of Aeronautics, a weather study department,

and lately also the model section has started a

promising activity. Already this summer there has

been built the "Pinguino G.P. 1" w^hich is now be-

ing perfected. There has now been created the G.P.

2 "Asiago" which was actually constructed at the

exhibition. There is concerned a training plane for

students who wish to qualify for a C and J) license

for thermal gliding and gliding in the clouds. The

entire project was carried out with the intention
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of reducing as much as possible the moments of

inertia around the vertical and longitudinal axes in

order to obtain a maneuverability of the aileron

and foot (base?) harmonized with the always some-

what excessive maneuverability of the elevator. The

experience obtained from the Asiago glider contest

has brought about the development of the CW
(Gliding Center) flap which is not to be used for

landing, which is already very easy with a glider

of the Asiago kind, but is to permit students to

avoid entering the clouds. While today a student

who is drawn in by a thick cloud tries vainly to

avoid zooming up into the cloud, the CW flap has

for its purpose increasing, without any strain on

the plain, the speed of descent by at least 1 meter

per second. Thus there is obtained a further safety

device which will be appreciated both by the stu-

dents and their instructors.

What we have already stated in connection

with the BS 28 also applies to the use of indepen-

dent equipment. The Asiago plane will be repro-

duced by the Aeronautica Lombarda, which has

taken a special interest in the development of the

model and of the future mass production of same.

The plane, as also the BS 28 and the Pinguino, will

pass the official gliding tests at the experimental

field of Agro Pontino.

The Italian gliding exhibition finally includes a

beautiful collection of the GUP of Rome which

shows some fine projects of gliders and sailplanes in

addition to an engine plane of Pidia Piatelli.

Gliding is obtaining the position it deserves also
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among us, as was the case in other countries. As

His Excellency Valle stated at the Asiago contest,

we have made great progress also in gliding in

achieving the standing to which Italian aviation

has arisen.

MAURIZIO GARBELL.

Admitted November 24, 1950.
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JET. UMIIi !i7f)

•• Detlen srota weight 4600 l^a. tMitV
b. ru*l: NortMl 104 gall. \4«4fiWr> (Ibf. 5^

ISazlauB 140 £•!•• :0|^:r

e. Wing Dimensions ^.^v:l:•^^^^^

I - Airfoil section dsslgnstion: "

Root: CTT-eS. (at centepllns) • K*a
>ring Splice: NACA ^314 (55.6'ina. outboard) -. • t
Tip: CV:-19 (15 inaTfrom tip) '

.;• "V-

II Total aupTJorting surface area: 174.? sq.ft. '

III Incidence: !• (Chord plane relstlTe to Thrust Line)

TV Dihedral: 5, 50*on Chord plane.

V 3weepbeck: Trailing edp.e normal to centerline of Airplaas

d. Horizorital Tail Surfaces:

I Total /'treu 25.56 sq.ft.
(Including'. Blanketci /irea 28.14 sq.ft.

II Span 11. C ft.

III Uaxlmum Chord 3.76 ft.

IV Distance from Normal e.g. to !/:*> !!axinu!n Chord point 184,65 in.

V StabiLlier Area 16.98 sq.ft.
. Normal posUiv^n relative to Thrust line 3*0* \

VI ^levator Area (including tab) 8.58 sq.ft.

2 Trim -tabs, ares each .35 sq.ft.

a. Flaps

I The wing is equipped with split flaps oysp ths central portion

of the span. Ths flap extends over tha rsar ISi of ths wing

chord and is hinged slong Its forward m^. r, ^-
,

II The dimensions and loostion of the flap mr^ i^m on t^ wing

drewing, page 19 fig. 3». ' 7^f

Ratio (flsD chord)/( wing fhord) - .15 .. Vj

Total flap area • If^JClivfkV
:^?^

.Migi





1-27-39

CURTISS-WRIGHT CO
ST. LOUIS AIRPLANE DF.

ROBERTSON. MO.

ATION

Model—22_





CURTISS-WRIGHT COMDRATION
ST. LOUIS AIRPLANE t^BlON

ROBERTSON, MOT
Nf»—jaL

R«port--
'^

bi - spaa of center panel - 55. 6**

b2 " span of outer panel 149. 4"

A^j,^ =» Total wln^ area 174.3 sq.ft.

The mean slope of the lift curve, moment coefficient about the
aerodynamic center, and location of the aerodynamic center are determined
in the following calculations. Tables 3 and 4 pr<»sent the average valu-^s
of drag coefficient and angle of attack for the complete range of lift co-
efficients.

Aerodynamic flection Properties (Ref, Fig. 6)

I Slope of lift curve for aspect ratio 7,03
Moment Coefficient about aerodynamic center

a.c, • nerodynamlc center in fructlone of chord

:..;.- NACA c-w-
2314

.0801 .0805
-.002 -.035 -.055
.232 .245 .236

(.080i)(84.00)
X(149.4]

.0805)(7145)j55.6 L( .0805)(71.45]> {.0856)138?
144(174.3)

- Q.0CLM(84.00)*(.035)(7i.45iI 55. G* S .035) (71. 45)*( .055) (38.76 3 149.4
(144) (174.3) ^

-.lv335

L(.232)(34.00)W.245)(7i.45n'55.5*Q.245)(7i.45)*(.236)(38.76)Dl49.4
(144)(174.3)

a.c.)^^ - .241

The wing normal ana chord force coefficients for the complete

range of lift coefficients of the mean wing al ^ne are computed In Tabl9

5. The accompaayinf^ pitching moment, tail, anc airplane force coeffi-

cients are computed in succeeding Tables for various specific loading

and flight conditions of the airplane.

The aliTcll section at the centerllne (rib 1) I? a symmetrical

section, gen-irfcted In the fLllcwlnc nanr.er: "^he upper contour of an

N.A.C.A. 2715 airfojl section was reflected about the ^eor.etric chord line

to forfi n fl:'riP,''trlcfal airfoil of 19^ thickness lying in a plane nomal to

the pla\[ie of the chords. This resulting contour is designated as th» CW-23

airfoil section, and to obtain the aerodynamic characteristics of that ••€-

tlcn, It was assumed to be equivalent to an W.A.C.A. 0019 airfoil ••ctlon.

The contours of the CW-23 airfoil section at rib 1, and of the N.A.C.A. £314

airfoil section at rib 4 are obtainable from published N.A.C.A. airfoil

data. The contour and table of ordinates of the CW-19 airfoil aaetloc Is

given on page 28a. All sections are taken in o plane normal to tha plana

of the ahords.
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DEFENDANTS' EXHIBIT 000

Report No. 19-C4

Curtiss-Wright Airplane Co.

Robertson, Mo.

Engineering Department

Curtiss-Wright Sparrow, Model 19L

(2PCLM)

1 Lambert R-266, 90 H. P. Engine

Modification of Wing

Structural Considerations

Submitted By

/s/ LLOYD F. ENGELHARDT

Section .... Structures.

No. of Pages : 11. Date : Oct. 3, 1935.

Revisions

Pages

Date Affected Remarks

Modification of Wing

Introduction

:

In order to meet the especially rigid require-

ments of a particular customer relative to stalling

and spinning it was found necessary to modify the

contour of the airfoil section in the outer portion

/



984 Consol. Vultee Aircraft Corp., etc.

Defendants' Exhibit 000— (Continued)

of the wing and at the same time to give the wing
tip a certain amount of "wash-out."

To accomplish these changes an outer shell is

added which extends below and slightly forward of

the original lines. The plan form on Page 2 shows

the change in area. The airfoil section on Page 3

shows the modification of the airfoil at the station

15 inches inboard of the tip (designated as A on

page 2). On page 4 is a foreshortened plot of the

mean camber lines of the modified airfoil and sev-

eral of the N.A.C.A. series.

Drawing No. 19-03-13 gives all details of construc-

tion of the outer shell addition.
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Defendants' Exhibit 000—(Continued)

Report No. 19-Y3

Curtiss-Wright Airplane Co.

Robertson, Mo.

Engineering Department

Curtiss-Wright Sparrow, Model 19L

(2PCLM)

1 Lambert R-266, 90 H.P. Engine

Flight Tests

Sparrow No. 1

Submitted By
C. W. Scott. Section

No. of Pages Date 9/19/35

Revisions

Pages

Date Affected Remarks

Flight No. 2

Date, 7/29/35 Pilot, E. K. Campbell

Take-Off, 6 :30 A.M. Observer, C. W. Scott

Land, 7:15 A.M.

Place, Lambert Field

Sta. Temp. 92.

Sta. Wind, E. 5

Sta. Bar., 29.98

Gross Weight, 1,668

C. G. 22.65

Propeller Diameter, 6.5'

Propeller Pitch, 16 Deg.

J



990 Consol. Vultee Aircraft Corp., etc.

Defendants' Exhibit 000—(Continued)

Alt. Temp. I.A.S.

2000 83 94

True C.A.S. 97

Eng. Compt. Thermocouples

#1 #2 #3 #4 #5
159 530 530 390 380 460

RPM Oil

2060 154

Speed 103

Man. Rdgs ("H20)

Ex. #1 81/2

Ex. #2 4

Nose 7.2

Eng. 6.5

Ram 10.0

Fuel Pressure, 2.5

Oil Pressure, 65.

Pull Throttle. CAS. TAS
2000 80 105 2270 109 115.3

Power Stall, Flaps Up, 54 I.A.S.,

Power Ofe, Flaps Down, 52 '

'

47 C.A.S. Vicious Stall—Fell to right.

44 C.A.S. Vicious Stall—Fell to right.

On landing, it was found the L.H. landing gear

did not stay up.

After this flight the following work was done on

the ship:

1. Repair safety catch, left hand gear.

2. Install strings on right hand wing.

The takeoff characteristics were poor, no doubt

due in part to the fact that the fixed slot was stalled

thruout take-oif. The time to accelerate to flying

speed seems too much. The take-off speed was ap-

proximately 50 mph indicated air speed. Landing
speed, 45 mph.

None of these speeds are calibrated.
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Defendants' Exhibit 000—(Continued)

On this flight considerable back pressure was

observed on #1 and #2 cylinders. These two

cylinders were also running at the highest head

temperature. A new manifold will be tried with

larger tubing on these two cylinders to correct this

trouble.

Previous to this flight the ship was weighed and

the C.G. located at 22.65^0 of the M.A.C.

Results of this flight

:

1. Ailerons good but too much lag.

2. Elevators very sensitive.

3. Rudder light and mushy at stall.

4. Stalls vicious and sudden with no warning.

The following work was done for flight #3

:

1. Remove and inspect safety catch on L.H.

landing gear.

2. Install silk threads on R.H. wing.

Report No. 19-Y4

Curtiss-Wright Airplane Co.

Robertson, Mo.

Engineering Department

Curtiss-Wright Coupe, Model 19L

1 Lambert R-266, 90 H.P. Engine

Summary of Plight Tests

Coupe No. 1

Submitted By

C. W. Scott Section

No. of Pages 15 Date Nov. 22, 1935.
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Defendants' Exhibit 000—(Continued)

Revisions

Pages

Date Affected

Remarks

Introduction

The Model 19L has been run through a long series

of very special flight tests. The purpose of this re-

port is to draw conclusions from the results ob-

tained rather than to go in to the detail of all of the

different phases of the flight tests conducted.

Briefly, the purpose of all of these tests has been

first, to eliminate what was considered an undesir-

able stall characteristic of the basic airplane; sec-

ond, to obtain satisfactory power plant cooling and

operation; and third, a thorough check on the

aerodynamic characteristics of the ship.

The results of the flying that has been accom-

plished on the Model 19L as finally modified are

contained briefly in this report.

Admitted November 24, 1950.
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DEFENDANTS' EXHIBITS REFERRED TO
IN ANSWER TO INTERROGATORY XVII





CONVAIR 240 - ENGIhEERING DATA BOOK
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Consolidated Viiltee Aircraft Corporation

San Diego Division

Page 10

Report No. ZD-240-040

Model 240

Date

3.0 Characteristics

3.5 Dimensions and Areas:

3.5.1 Wing Group

:

Airfoil Section Designation:

Root NACA 63.4—120

30.7% Semispan NACA 63.4—419

Tip NACA 63.4—515

Aerodynamic Washout 1° 12'

Wing Area •. 817 sq. ft.

Span (overall) 91 ft. 9 in.

Root Chord 13 ft. 6 in.

Tip Chord 4ft. 6 in.

Taper Ratio (approximate) 3:1

Incidence Root 4°

Dihedral (reference Plane) 4° 50'

Sweepback (at 40% chord) 2° 30'

Aspect Ratio 10

Mean Aerodynamic Chord (true) . . .9 ft. 8.6 in.

3.5.3 Body Group

:

Maximum Fuselage Cross Section:

Height 9 ft. 5 in.

Width 9 ft. 5 in.

Length, overall 74 ft. 8 in.

Height over tail (3-point position) . .26 ft. 11 in.

Thread of main wheel 25 ft. in.
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